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A Summary of Ponderosa Pine (Pinus ponderosa) Management Activities in the 
Lick Creek Drainage of the Bitterroot National Forest 
The objective of thesis was to summarize 80 years of changes associated 
with several cutting regimes in the Lick Creek Drainage. The Lick Creek 
Drainage was first selectively cut in 1906, followed by several commercial and 
precommercial thinnings occurring in the late 1950's through the early 1980's. 
Permanent plots were installed in 1948 and 1955 and remeasured throughout 
the 1950's and 1960's, with the last remeasurement occurring in 1991. 
Remeasurement data was summarized by stand structure, and growth and 
yield. The 1906 stand structure was reconstructed from back dating increment 
core measurements and stump measurements. The results showed that the 
pre-cutting stand structure of the Lick Creek area was composed of mostly 
park-like ponderosa pine stands consisting of large diameter trees that were 
fairly open spaced. By 1991, the basal area per acre of Douglas-fir 
(Pseudotsuga menziesii) increased 20 percent, and the number of trees per acre 
increased about 3.5 times, with most of this increase in diameters less than 6 
inches. Periodic annual diameter growth of survivor trees ranged from 0.11 to 
0.19 inches per year, with an average of about 0-14 inches per year at around 
11 inches dbh, over the last forty years. Cumulative volumes estimates ranged 
from 1,662 to 4,764 cubic feet per acre, with a few of the cutting regimes 
being comparable with Meyer's (1938) even-aged stand tables. The lack of 
intermediate measurements between several cutting periods prevented making 
definitive conclusions about the effects of varying cutting regimes on stand 
structure, growth and yields. 
Director: Hans Zuuring 
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INTRODUCTION 
The geographical extent and structural diversity of ponderosa pine (Pinus 
ponderosa) forests create many resource opportunities. These forests occur on 
27 million acres in the Western United States (USDA 1982) between elevations 
slightly below 1,000 feet to 9,000 feet (Van Hooser and Keegan 1988). 
Ponderosa pine forests vary from single to multi-storied stands of relatively 
even-aged groups, with varying proportions of mature trees and desirable 
advanced growth (Helms and Logan 1988). Fire suppression has increased the 
number of shade-tolerant and suppressed understory species, altering the 
historical open park-like stands of mature ponderosa pine forests (Arno 1988). 
This diversity in geographic ranges and structures has created great 
opportunities for ponderosa pine forests to meet multiple resource objectives 
including recreation, timber, watershed protection, wildlife habitat, and 
domestic livestock forage (Morgan 1988). These forests account for 38 billion 
cubic feet of growing stock (USDA 1982), with 7.8 billion in the Northern 
Rockies (Van Hooser and Keegan 1988). 
Ponderosa pine management includes most traditional silvicultural 
systems, and recently the use of these systems has been questioned. 
Traditional ponderosa pine silviculture includes both even-aged and uneven-aged 
1 
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systems depending on site and stand conditions (Ryker and Losensky 1983). 
Recently, traditional even-aged timber management has become controversial, 
making management of these forests politically complex. Where timber use 
conflicts with other values, confrontation and expensive litigation have occurred 
between the general public and land managers (Hopwood 1991). Also, many 
foresters have realized that discrete applications of high-impact silvicultural 
treatments - clearcutting, dozer scarification, and pile burning on small 
dispersed units - do not mimic the character and the scale of natural 
disturbances (Fiedler 1992). 
New Forestry practices propose to resolve these conflicts by using 
alternative silvicultural systems. New Forestry was developed by Dr. Jerry 
Franklin and associates based on over twenty years of research on the H.J. 
Andrews Experimental Forest. New Forestry is a "kinder, ...gentler forestry that 
better accommodates ecological values, while allowing for the extraction of 
commodities" (Franklin 1989). Compared to the extreme, where high intensity 
even-aged management simplifies the ecological system by focusing only on 
regeneration, alternative silvicultural systems proposed by New Forestry utilize 
the concepts of ecosystem complexity, biological legacies, and viable 
landscapes, that mimic natural disturbances like wildfire (Franklin 1989). 
One major criticism of New Forestry is the limited amount of scientific 
research. This includes evaluating the effects created by the implementation 
of these alternative silvicultural systems, and determining if the treated stand 
3 
will mimic natural disturbance across all ecological components (Atkinson 
1992). Other concerns about alternative silvicultural systems question if the 
desirable objectives of these systems would be achieved. These objectives 
include providing adequate natural regeneration and residual tree growth, 
increasing wildlife habitat (especially cavity nesters), decreasing insect, disease, 
and wildfire hazard problems, and limiting potential windthrow problems created 
by thinning. 
Because of its history, the Lick Creek drainage located on the Bitterroot 
National Forest in Montana provides a unique opportunity to address some of 
these concerns. In 1907 (referred to as the 1906 timber sale), Lick Creek 
timber was cut using a prescription that would best be described as a selective 
cut (Gruell et al. 1982). The 1906 timber sale differed from traditional 
silviculture in the sense that trees were selected for retention and not for 
removal. Thirty percent of the volume was retained for a future harvest 
scheduled 75 years later. In some types of alternative silvicultural systems the 
majority of the trees are removed, with the reserved trees distributed uniformly 
across the harvest area. The reserve trees provide protection for young trees, 
natural seed for reforestation, visual screening, watershed protection, and 
wildlife habitat (Hopwood 1991). 
Some alternative silvicultural systems call for additional commercial 
harvesting about sixty years after the initial harvest, when tree canopies close 
and growth rates decline (Hopwood 1991). Lick Creek timber was 
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commercially harvested about fifty years after the initial cut, to determine the 
effects of three different thinning techniques on various stand attributes. 
Rough similarities between historic management in Lick Creek and 
alternative silvicultural systems create a unique opportunity to provide land 
managers with insight into how ponderosa pine stands might respond to these 
systems. The objective of this thesis is to summarize 80 years of changes 
associated with four major cutting regimes in the Lick Creek Drainage, and 
apply and interpret the results relative to more formal alternative silvicultural 
systems. Three specific questions will be addressed: 
1) can these systems mimic natural disturbance; 
2) will these systems provide adequate regeneration; and 
3) what kind of growth rates could one expect from these systems? 
This is accomplished by: 
1) documenting changes in stand structure over four major periods: 
1906 (pre-first cutting), 1910 (post-first cutting), 1948 (pre-second 
cutting), and 1991 (post-second cutting); 
2) determining tree growth rates for the last forty years following 
additional thinning; and 
3) evaluating growth and yield for three case studies of different cutting 
intensities over the last forty years, and comparing them to even-
aged stand tables. 
HISTORY 
The Lick Creek drainage has been continuously managed since 1906, 
starting with the first large national forest timber sale in the ponderosa pine 
types for the USDA Forest Service Northern Region. Marking and cutting for 
the sale started in 1907 and continued into the spring of 1911. The timber sale 
covered 2,135 acres (864 ha), and resulted in the cutting of an estimated 
37,658,930 board feet (White 1924). 
The stand-marking criteria were to leave thirty percent of the ponderosa 
pine for a future harvest 75 years later, and to remove all Douglas-fir 
(Pseudotsuga menziesii) over 10 inches in diameter. Ponderosa pine leave trees 
were selected on the basis of their crown forms, and large trees were always 
left if they were the best or the only trees available. Douglas-fir, heavily 
infected with witch's broom, were marked for removal except for a few young 
and very thrifty trees. The thinning of groups of small diameter ponderosa pine 
was started but later dropped because of dissatisfaction with the quality of the 
leave trees. 
The cutting intensity varied considerably and resulted in a residual stand 
having 5 to 50 percent of the original volume (Boe 1948). Logs were removed 
by horses with logging slash being piled and burned. In addition to the 
5 
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thinning, an adjacent 320 acres of private land located along the south and east 
borders of the Forest Service Lick Creek sale were clearcut in 1906. The 
clearcut was not part of the Lick Creek sale, but the land would later be 
acquired by the Forest Service. 
A 1947 study documented the need for a second cut of the residual 
stand because a significant reduction in volume growth (per acre) had occurred 
over the last 20 years (Roe 1947). Therefore a thinning study was initiated 
using three different thinning prescriptions, with the objective of determining 
which method would best capitalize on the growth potential of the site. The 
three methods differed in how many entries were required to remove the 
residual timber left from the 1906 thinning: 
Method A - Three entries spaced ten years apart. The first thinning was 
completed in 1952 and removed about one-third of the residual 
trees. The second thinning, completed in 1962, was scheduled to 
remove about one-half of the trees left after 1952, but only 
removed one-third. And the third thinning, which was never 
completed, was scheduled to remove the remaining trees. 
Method B - Two entries spaced about ten years part. The first entry, 
completed in 1956, removed one-half of the residual trees. The 
second entry, completed in 1967, removed the remaining trees. 
Method C - One entry, completed in 1956, removed all the residual trees. 
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Eighty-seven one-fifth acre permanent research plots were installed with 
the primary objective of evaluating these additional treatments. A total of 47 
plots were installed in areas receiving Method A during the years 1948 and 
1952 (43 and 4 plots, respectively). In 1955, two groups of 20 plots were 
installed in areas receiving Methods B and C, and an additional 10 one-tenth 
acre plots were installed in the 1906 clearcut, referred to as Method D. All 
plots were scheduled to be remeasured every five years. 
In the 1950's, the first entry of the thinning study was completed on 468 
acres (189 ha) within the 1906 timber sale, with the logs being skidded mostly 
by a tractor with a pan under the front of the log. The minimum dbh specifying 
the merchantability of a tree was 14 inches for Method A, and 12 inches for 
Methods B and C. The marking criteria were as follows: 
1. Remove high risk trees (those which would not survive 20 years). 
2. Remove damaged or defective trees, with special emphasis on one 
of the following; spiked tops, lightning scars, butt rots, and leans 
in excess of 20 degrees. 
3. Remove poor quality, merchantable subordinates. 
4. Remove extremely slow growing, overmature trees. 
5. Release subordinates by removing merchantable overstory trees of 
lesser quality. 
6. Remove all merchantable Douglas-fir. 
7. Remove dominant trees from mature and overmature groups. 
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A stand improvement cut followed the first entries with the objective of 
providing fast growing, uniformly spaced second-growth ponderosa pine. Crop 
trees (4 to 9 inches dbh) were released from competing trees at an average 
spacing of 20 by 20 feet. Method A had additional stand improvements which 
included; 
1) pruning selected crop trees to 17 feet in height, but never removing 
more then 40 percent of the crown, 
2) thinning saplings (1 to 3 inches dbh) to a spacing that averaged 15 
by 15 feet, and 
3) removing unhealthy and defective trees 4 to 9 inches dbh. 
All trees over 4 inches in dbh that were selected to be removed were killed by 
poisoning. 
In 1960, a light stand improvement treatment was applied to 
Management Regime D. This treatment differed from other stand improvement 
treatments, in that only a few 4 to 9 inch diameter trees were removed that 
were defective or unhealthy. The treatment was very light and patchy. 
In 1962, the second entry of Method A was completed. The thinning 
was scheduled to remove half of the residual (1906) trees, but instead only 
one-third was removed because many of the residual trees were growing well. 
The marking criteria were similar to the 1952 sale, but focused on removing 
Douglas-fir that were heavily infected with mistletoe. The minimum dbh 
specifying merchantability was 9.6 inches. The thinning was followed (2 years 
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later) by a stand improvement cut with the objective of removing smaller 
diameter Douglas-fir infected by mistletoe, and providing additional thinning and 
pruning of crop trees treated after the 1952 thinning. 
In 1966, the thinning research study was terminated, because of a 
restructuring of the USDA Forest Service Research Units. Future cutting 
treatments quickly deviated from the 1950's study design, causing additional 
subdivision of the original treatments based on their unique history as 
determined during the 1991 remeasurement period. Method A was subdivided 
into 3 different groups which were labeled A1, A2, and A3; and Methods B and 
C were each subdivided into 4 and 3 different groups, respectively, and similar 
labels were assigned. Because of the deviation from the original silvicultural 
prescriptions (described above) the term Methods (defined as a single treatment 
used in an area) will be replaced by Management Regimes (defined as an area 
with potentially several treatments) for the rest of this thesis. 
In 1967, Management Regimes B1 through B4 were thinned following 
the guidelines in the 1950's study plan. Most of the remaining residual trees 
from the 1906 sale were removed, and all of the merchantable Douglas-fir. A 
stand improvement cut, which also included Management Regimes C1 and C2, 
followed the thinning with the objective of pruning and releasing crop trees. 
In 1979 a large timber sale occurred on the west portion of the study 
area, affecting Management Regimes A3, B3, B4, and C3. The criteria for 
selecting trees were: 
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1) release healthy, vigorous understory trees, 
2) salvage high risk and over-mature trees, 
3) remove diseased and insect damaged trees to provide space for 
healthy trees, and 
4) remove about 50 percent of the crown cover. 
The minimum diameter to determine merchantability was eight inches. The sale 
was followed (in 1981) by a light and patchy underburn. 
In 1980 a light stand improvement thinning was applied to Management 
Regimes A2, B1, B4 and 01. The objective of the thinning was to improve the 
growing space of sapling trees. The thinning was light and patchy, with 
saplings being hand piled. The exact extent of this treatment is unknown. 
Table 1 summarizes the history of the Lick Creek area by Management 
Regime, and Figure 1 displays a map of the area. Table 2 stratifies 
Management Regimes by the number of commercial cuttings. 
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Table 1 ~ Historical management activities by management regime of the study area. 
Date Management Regimes 
Mo Year Activity A1 A2 A3 B1 B2 B3 B4 C1 C2 C3 D 
1906 Clearcut x 
1907 Selective Cutting Starts xxxxxxxxxx 
1 9 1 1  S e l e c t i v e  C u t t i n g  E n d s  x x x x x x x x x x  
71948 Installation of Permanent Plots x x x 
61952 Remeasurement of Perm. Plots x x x 
61952 Commercial Thinning x x x 
11 1953 Stand Improvement Cutting x x x 
5 1955 Installation of Permanent Plots xxxxxxxx 
121955 Commercial Thinning x x x x x x x 
41956 Stand Improvement Cutting x x x x x x x 
71957 Remeasurement of Perm. Plots x x x 
9 1960 Stand Improvement Cutting x 
61961 Remeasurement of Perm. Plots xxxxxxxx 
81962 Remeasurement of Perm. Plots x x x 
101962 Commercial Thinning x x x 
9 1965 Remeasurement of Perm. Plots xxxxxxxx 
61966 Stand Improvement Cutting x x x 
61967 Commercial Thinning x x x x 
101967 Stand Improvement Cutting x x x x x x 
81979 Commercial Thinning x x x x 
91980 Stand Improvement Cutting x x x x 
31981 Understory Bum x x x x 
5 1990 Remeasurement of Perm. Plots x 
11 1991 Remeasurement of Perm. Plots xxxxxxxxxx 
12 
Figure 1 -- A map of the Lick Creek Study Area with Management Regimes 
delineated. 
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Table 2 - Number of Commercial and Stand Improvement Cuts, and Percentage of 1910 
Residual Volume Removed By Management Regime. 
# of # of 
Management Comm Stnd Improv Years of Commercial Cuts 
Regime Cuts Cuts (% of 1910 Residual Removed) + 
A3 3 2 1952(33) 1962(22) 1979(11) 
B3 3 2 1955(50) 1967(25) 1979(20) 
B4 3 3* 1955(50) 1967(25) 1979(20) 
A1 2 2 1952(33) 1962(22) 
A2 2 3* 1952(33) 1962(22) 
B1 2 3* 1955(50) 1967(25) 
B2 2 2 1955(50) 1967(25) 
C3 2 0 1955(100) 1979(0) 
C1 1 3* 1955(100) 
C2 1 2 1955(100) 
D 0 1* No Commercial Cutting 
* - The last stand improvement cut was very light and patchy. 
+ - Percent of residual volume removed was based on historical reports and 
general site estimates. 
METHODS 
Study Area 
The study area is part of the Lick Creek drainage located in the Bitterroot 
National Forest, about thirteen air miles southwest of Hamilton, Montana. The 
elevation of the study area ranges from 4,300 to 5,000 feet, with mostly 
southern aspects having 0 to 30 percent slopes. A few localized draws dissect 
the area with slopes up to 70 percent. Soils are shallow to moderately deep 
and are derived from granitic parent materials. The lower elevation soils are 
mostly clay and poorly drained (Gruell et al, 1982). 
The habitat types (Pfister et al. 1977) are primarily Douglas-fir/snowberry 
(Pseudotsuga menziesiHSymphoricarpos a/bus) and Douglas-fir/pinegrass 
(Calamagrostis rubescens), which are mostly found on south facing slopes. 
Douglas-fir/dwarf huckleberry (Vaccinium caespitosum), blue huckleberry 
(Vaccinium globulare), twinflower (Linnaea borea/is) and grand fir (Abies 
grandis)/twinflower habitat types are typically restricted to northwest facing 
slopes and draws. The dominant overstory is mostly ponderosa pine (Pinus 
ponderosa), with minor to moderate amounts of Douglas-fir. 
Weather information for the study area was based on data recorded 
between the years 1949 and 1989 in Darby (elev 3,887 ft), Montana, 5 air 
14 
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miles southeast of Lick Creek. The mean annual precipitation for Darby was 
15.7 with a standard deviation of 3.4 inches. Adjusting for elevation and 
geographic location, Gruell and others (1982) estimated Lick Creek's mean 
annual precipitation to be between 20 and 22 inches. Approximately 45 
percent of the precipitation fell as snow. The wettest months were May and 
June and the driest month was July, with 25 and 5 percent of the precipitation, 
respectively. Average maximum temperature ranged from 34.9 degrees 
Fahrenheit in January to 83.8 degrees Fahrenheit in July, while average 
minimum temperatures for these two months were 17.1 and 47.1 degrees 
Fahrenheit, respectively. 
Procedures 
Remeasurement of the permanent plots established in the late 1940's 
and early 1950's occurred from 1990 through 1992. Sixteen of the total 97 
plots were rejected for remeasurement because of recent disturbance damage 
(ex. new roads). Nine circular one-tenth acre plots located in Management 
Regime D were remeasured in spring of 1990, and 72 circular one-fifth acre 
plots located in Management Regimes A, B, and C were remeasured starting in 
the fall of 1991 through the summer of 1992. Plot establishment and 
remeasurement included a tree inventory and site descriptions. The tree 
inventory included measurements divided into three groups; individual, tally, 
16 
and seedling/sapling. 
Individual tree measurements followed continuous forest inventory 
methodology (Husch et. al 1972) with a minimum dbh of 3.5 inches (6.5 inches 
was used in previous measurements). The following data were recorded for 
each tree: dbh, species, Keen's crown classification for ponderosa pine (Keen 
1936) or vigor classification for other species, crown class, crown ratio, and 
damage and severity for insect, disease, and logging. A sub-sample of tree 
heights and stump diameters (measured at one foot above ground) were also 
recorded. All methods followed the original study plan (Boe 1948b and 1954) 
or were supplemented with the methods described in the Timber Management 
Data Handbook (USDA 1991). 
Tally trees were defined as all trees having a dbh less than 3.5 inches and 
greater then 0.5 inches. Trees were tallied by species into three one-inch 
diameter classes (6 diameter classes were used in previous measurements), 
starting at 1 inch and ending at 3 inches (1 inch diameter class = 0.6 to 1.5 
inches dbh). An average height, and general health and vigor were recorded for 
each species by diameter class. 
Seedlings and saplings were measured using four circular micro plots 
each 1/250th of an acre in size, located 35 feet along transects aligned in the 
four cardinal directions from plot center. Saplings were tallied by species into 
five one-foot height classes starting at 0.6 feet and ending with heights greater 
then 4 6 feet with a dbh less then 0.6 inches (1 foot class = 0 6 feet to 1.5 
17 
feet in height). Seedlings, less then 0.6 feet, were tallied by species. General 
health and vigor of trees were recorded by micro plot, species, and height class. 
Site description information included topographic features, disturbance 
history, and habitat types (Pfister et al. 1977). Topographic features included 
slope, aspect, elevation, and physiographic descriptions. Disturbance history 
consisted of a description of remnant logging activities (skid trails, pile burning, 
etc...), that potentially could affect tree growth. 
Increment cores were collected to confirm the logging history of the area. 
Those co-dominant and intermediate trees which had a high probability of being 
released after cutting, and which were adjacent to recent stumps (trees cut 
since last measurement) were cored. A total of 214 cores were collected 
throughout the study area with the exception of Management Regimes A3 and 
D. Each increment core was mounted and sanded on a core board (Fritts 
1976), and yearly radial growth increments were measured by a computerized 
increment core reader. Yearly radial growth increments were plotted by tree 
(Fritts 1976) using the GPLOT function in SAS Graph (SAS 1987) and 
compared to other trees in the same plot to determine potential cutting release 
dates. Release dates were then compared to land management documentation, 
aerial photos, and personal interviews in order to confirm recent cutting history. 
Changes in species composition and stand structure over 80 years of 
management were determined by comparing the stand structures of 
Management Regime A1, A2, and A3 for the following periods; 1906 (pre-first 
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cutting), 1910 (post-first cutting), 1948 (pre-second series of cutting), and 
1991 (post-second series of cutting). Stand structures for 1948 and 1991 
were created directly from collected inventory data. Stand structures for 1906 
and 1910 were created by the methodology described below. 
Stand structures for 1906 and 1910 were created by projecting 1948 
residual trees backwards based on periodic growth rates from 1948 to 1952. 
Two least squares regression equations were derived from increment core data 
to predict periodic annual radial increment (PARI) growth in inches for 1910 to 
1948 (38 years) and 1906 to 1910 (4 years) from PARI growth between 1948 
to 1952 (4 years). Twenty-one increment cores were selected out of the 214 
cores collected for estimating logging history. The least squares regression 
equations were derived using the REG function in SAS (SAS 1985) and were 
of the form: 
PARI1910p = p0 + |^PARI1948a (1) 
PAR11906p = p0 + p ,PARI1910o (2) 
where: 
PAR/19480 = Observed PARI for growth period 1948 to 1952 
PAR/1910P = Predicted PARI for growth period 1910 to 1948 
PAR/1910o = Observed PARI for growth period 1910 to 1948 
PARH906p = Predicted PARI for growth period 1906 to 1910 
Relationships between PARI from 1948 to 1952, and age, species, vigor 
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(stratified from Keen Classification) (Keen 1936), and diameter, were tested 
using the CORR function in SAS (SAS 1985). 
Equations 1 and 2 were then applied to PARI, calculated from individual 
diameter measurements of residual trees taken in 1948 and 1952, for 
Management Regimes A1, A2, and A3. The predicted PARI1910 and 
PAR11906 were converted to periodic diameter increment (PDI). The predicted 
PDI from 1910 to 1948 was subtracted from the observed 1948 diameters to 
estimate the 1910 diameter; and the predicted PDI from 1906 to 1910 was 
subtracted from the estimated 1910 diameters to estimate the 1906 diameter. 
Estimated 1906 and 1910 diameters of tally trees (trees less then 6.6 inches 
dbh) collected in 1948, were based on growth rates of trees with diameters of 
6.6 inches in 1948. 
To complete the 1906 stand structure, stumps left after the 1906 timber 
sale were converted to 1906 dbh and then added to the stand structure created 
above. The 1906 stumps were measured in 1948 and included; stump height 
in inches (the height above ground the tree was cut), diameter inside bark (dib) 
of the stump in inches, and species identification. To calculate 1906 dbh, 
stump diameter outside bark (dob) was estimated as a function of stump dib, 
then dbh was estimated as a function of stump dob via linear regression 
equations. 
Stump dib to stump dob was calculated by applying Lange's (1971) 
simple linear regression models developed for Lubrecht Experimental Forest 
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(located in western Montana), for similar habitat types (Pfister et al 1977) and 
stand structures as Lick Creek. Regression models were derived for Douglas-fir 
and ponderosa pine at bole heights of 1 foot (stump), 4 5 feet (dbh), and 6 
feet. Lange's (1971) simple linear regression model of the form: 
dib< 
K 
dobST = (3) 
where: 
K = regression coefficient 
dobST = stump diameter outside bark 
dibST = stump diameter inside bark 
K was calculated for each species and bole height. 
Because of the range in the 1948 stump height measurement (from 4 to 
60 inches) a Kcoefficient by 1 inch height increments (KINC) was calculated, and 
then added to the model as follows: 
dib 
dob„ - =51— (4) 
KM • AJT 
where: 
KINC = K coefficient at 1 inch height increment 
K^ - K coefficient at 12 inches bole height 
AHT = stump height (HTST) minus 12 inches 
The calculation for /G,„ was of the form: 
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is _ ^dbh ~ ^tw (RI 
Kmc ~ ~nf _ HT 1 ' 
"'dbh tw 
where: 
KDBH = K coefficient at dbh 
KM = K coefficient at 12 inches bole height 
HTDBH = bole height at DBH (54 inches) 
HT^ = bole height at 12 inches bole height 
K coefficient by 1 inch height increment and bole heights (both 1 foot and dbh) 
by species is shown in Table 3. 
Table 3 - K coefficients by species that were used to convert stump 
diameter inside bark (dib) to stump diameter outside bark (dob). 
Species 
K Coefficients Ponderosa Pine Douglas-fir 
K^ (bole height 12 inches) 0.8395 0.8571 
KDBH (bole height 54 inches) 0.8516 0.8731 
KINC (1 inch height increments) 0 000288 0.000381 
Stump dob to dbh relationships were found to be linear by Van Deusen 
(1975) in the Black Hills for ponderosa pine, and Hann (1976) in Arizona and 
New Mexico for ponderosa pine and Douglas-fir. A least squares regression 
equation to predict dbh as a function of stump dob was derived from 1991 dob 
measurements taken at one foot and four-and-half feet bole heights, and 
provided a localized model. The least square regression equations were derived 
using the REG function in SAS (SAS 1985) and were of the form: 
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dbh = p0 + p ̂ dob^ (6) 
where: 
dob^ = dob at one foot bole height. 
Since the trees cut during the 1906 timber sale were sawed at different 
heights a taper adjustment was needed to correct for different stump heights 
measured in 1948. The taper adjustment was calculated by using 
Demaerschalk and Omule (1982) equation1, which was developed for British 
Columbia, and was species-specific and corrected for stump heights. 
Demaerschalk and Omule equation was applied to the Lick Creek data twice, 
once for actual stump height, and again for a one foot stump height with the 
same dob- The taper adjustment equation was of the form: 
TAPER*, - DBHM - DBHM (7) 
where: 
TAPERadJ = Taper adjustment 
DBHcut = dbh estimated from Demaerschalk and Omule (1982) 
'Demaerschalk and Omule (1982) equation to convert stump dob 
to dbh was of the form: 
dbh = dobgj + dobS7log 
HT,T * 11 
2.3 
where: 
dobgj. = stump diameter outside bark 
HTrp = stump height 
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equation, with the actual stump heights measured in 1948 
DBHstht = dbh estimated from Demaerschalk and Omule (1982) 
equation, with a stump height of 12 inches 
The predicted dbh derived from equation 6 and the taper adjustment, were used 
to calculate the predicted dbh of trees cut during the 1906 timber sale. This 
last equation was of the form: 
DBHL<M - TAPER„ - DBH  ̂ (8) 
where: 
DBH1906 = Estimated 1906 dbh 
DBHpred = dbh estimated from equation 6 
A comparison of growth rates resulting from the different cutting 
methods that were applied over the last forty years was conducted for all 
Management Regimes. Growth rates were summarized by tree growth and 
stand growth. Management Regimes were sorted by the number of commercial 
cuts in descending order (Table 2), to provide more meaningful comparisons. 
Tree growth was characterized by periodic annual diameter increment 
and basal area increment (measured at dbh) of "survivor trees" as described by 
Husch and others (1972). Summary statistics were calculated for Management 
Regimes based on individual tree measurements. Survivor trees are defined as 
trees present at the beginning and end of the measurement period (Husch et al. 
1972; Marquis and Beers 1969). Tree growth analyses were stratified by 
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Management Regimes, species, diameter class (Table 4), and measurement 
period. 
Table 4 -- Diameter classes definitions. 
Diameter Classes DBH Range (Inches) 
8 
1 2  
17 
20 
6.5 < dbh < 9.5 
9.5 < dbh <14.5 
14.5 < dbh <19.5 
19.5 < dbh 
Stand growth was characterized by stand volume calculated by accretion 
following the methodology described by Husch and others (1972). Accretion 
is defined as all trees present at the initial inventory and includes growth of 
trees which are cut or die during the inventory period (Marquis and Beers 1969, 
and Beers 1962). An inventory period spans the first and last measurement 
dates of the study, with several intermediate measurements. True accretion 
could not be achieved because of the large gap between the last two 
measurement years, which provided smaller volume growth of trees that were 
cut or died during the inventory period. Before accretion tables could be built, 
tree volumes needed to be calculated. 
Tree volume was calculated first by deriving a height-dbh regression 
equation using the REG function in SAS (SAS 1985) from a subsample of height 
measurements collected in 1991 and 1992. The height-dbh regression equation 
for ponderosa pine and Douglas-fir was of the form: 
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log HT = p0 + p^log DBH) + p20S//2 (9) 
where: 
HT = Total height of tree 
DBH = DBH of tree 
The regression equation used for all other species was of the form: 
H 7 = p 0  +  p 1 O S H  ( 1 0 )  
Both regression equations were then applied to all trees without heights. Since 
heights were only collected in 1991 and 1992, they were not compared 
between measurement periods. 
Tree DBHs and estimated heights were substituted into tree volume 
equations developed by Faurot (1977) for ponderosa pine, Douglas-fir, and 
lodgepole pine, and by Champion International (unpublished) developed for 
subalpine-fir, grand fir and spruce. 
Three Management Regimes were selected to provide case studies of 
different cutting intensities over the last forty years. These case studies were 
summarized by species composition, stand structure, and stand growth. 
Comparisons of species composition and stand structure were conducted for 
the following periods; 1952 or 1955 (pre-first cutting), 1957 or 1961 (post-first 
cutting), and 1991 (post-second cutting) (Table 1). Stand growth was 
characterized by stand volume calculated by accretion (methodology describe 
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above), and then compared to even-aged stand volume tables produced by 
Meyer (1938). 
Meyer's (1938) volume tables were derived for even-aged ponderosa 
pine stands, and were summed by cubic feet per acre of trees greater then 6.6 
inches dbh for tree age and site index. To utilize Meyer's (1938) table and 
provide a reasonable comparison, an initial tree age of 60 years and site index 
of 70 was assumed. The selection of a site index of 70 was based on Roe's 
(1947) earlier inventory work at Lick Creek. 
A subsample of one representative plot per case study was chosen from 
the Management Regimes, based on similar stand structure and species 
composition. Additional plots were not chosen because of the variability 
between plots within a Management Regime. The Management Regimes 
representing various cutting intensities and cutting histories (Table 2) are 
described below. 
Management Regime C2 was selected to represent a high cutting 
intensity, with the initial cut removing most of the 1910 residual tree volume. 
Management Regime B2 represented a moderate cutting intensity, with the 
initial cut removing about 50 percent of the 1910 residual tree volume. This 
was followed 12 years later by a second cut which removed an additional 25 
percent. Low cutting intensity was represented by Management Regime A1, 
with the initial cut removing around about 33 percent of the 1910 residual tree 
volume. The low cutting unit was treated ten years later with another cut 
removing an additional 22 percent. 
RESULTS 
Predicted Past Radial Growth Rates 
1906 and 1910 stand structure and species compositions were re­
created by first calculating a regression equation from increment core data, that 
predicted periodic annual radial increment (PARI) between 1906 to 1910 
(PAR11906), and 1910 to 1948 (PAR11910), from PARI between 1948 and 
1952 (PAR/1948). Least squares regression equations 1 and 2 were used to 
estimate PAR/1906 and PAR/1910, and had an R-squared of 0.63 and 0.61 
respectively, and were significant at a probability of less then 0.001 (Table 5). 
Table 5 - Prediction equation and associated statistics for PAR11910 and 
PAR11906. 
Dependent Variable 
PAR11910 PAR11906 
bO -0.004037 -0012500 
b1 0.999818 1.281880 
R-squared 0.63 061 
Root MSE 0.01122 0.01316 
n 21 12 
Prob>F 0.0001 0.0017 
In an attempt to improve regression equation 1 and 2, a correlation 
analysis was performed to determine the strength of the linear associations 
28 
29 
between age, species, vigor, dbh, and PAR/1948. Associations between the 
variables were not significant at probabilities of less then 0.1. This lack of 
significance was probably do to the small number of observations in both 
models, namely 21 and 12 respectively. 
Regression equations 1 and 2 were then applied to trees measured in 
Management Regimes A1, A2, and A3, producing estimated 1906 and 1910 
stand diameters. The periodic diameter increment (PDI), converted from the 
PARI, resulted in a average PDI for ponderosa pine and Douglas-fir of 4.1 and 
5.8 inches, respectively, for the 38 years between 1910 to 1948 (Table 6). 
Ponderosa pine and Douglas-fir average PDI was 0 4 and 0.6 inches, 
respectively, for 4 years between 1906 to 1910 (Table 6). 
The 1910 diameter estimates were summarized by stratifying them into 
two classes; one having trees less then 0.1 inches dbh, and the other with 
trees greater then 01 inches dbh. Tree estimated to be less then 0.1 inches 
dbh in 1910 had an average diameter in 1948 of 7.6 and 7.8 inches, for 
ponderosa pine and Douglas-fir respectively (Table 7). Trees having estimated 
diameters greater then 0.1 inches in 1910 averaged 15.0 and 9.8 inches in 
diameter in 1948 for ponderosa pine and Douglas-fir, respectively. When those 
trees having estimated diameters less than 0.1 inches in 1910 were removed; 
the average PDI for ponderosa pine and Douglas-fir was reduced to 3.7 and 4.7 
inches, respectively, during the growth period of 1910 to 1948. 
The first five diameter classes for tally trees recorded in 1948, were 
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Table 6 -- Summary statistics of predicted and observed periodic annual 
radial increment (PARI) and periodic diameter increment (PDI), from 
Management Regimes A1, A2, and A3, for three growth periods by species. 
All Trees 
PARI (Inches/Year) PDI (Inches) 
Sp Growth Period Mean Std Dev. Mean Std Dev. N 
pp 1906 to 1910* 
1910 to 1948* 
1948 to 1952 
0.050 
0-054 
0.058 
0.0378 
0.0348 
0.0347 
0.40 
4.07 
0-46 
0.303 
2.644 
0.278 
201 
227 
227 
DF 1906 to 1910* 
1910 to 1948* 
1948 to 1952 
0.068 
0.076 
0.081 
0.0421 
0.0414 
0.0389 
0.55 
5.81 
0-64 
0.337 
3.146 
0.311 
150 
192 
192 
LP 1906 to 1910* 
1910 to 1948* 
1948 to 1952 
0.078 
0.071 
0.075 
• 0.63 
5.39 
0.60 
• 
1 
1 
1 
S 
1 
1906 to 1910* 
1910 to 1948* 
1948 to 1952 
0.078 
0.071 
0.075 
• 
0.63 
5.39 
0.60 
• 1 
1 
Trees Greater Than 0.1 in 1910 
PP 
DF 
1910 to 1948* 
1910 to 1948* 
3.67 
4-70 
2.298 
2.560 
210 
148 
Trees Less Than 0.1 in 1910 
PP 
DF 
1910 to 1948* 
1910 to 1948* 
0.120 
0.126 
0.0132 
0.0232 
9.08 
9.54 
1.001 
1.764 
17 
44 
* Derived from prediction equation 1 and 2. 
estimated to be less than 01 inch diameter in 1910. Twenty-one percent of 
the six-inch diameter class (5.6 to 6.5 inches dbh) tally trees recorded in 1948 
were estimated to be in a broader two-inch diameter class (0.5 to 2.4 inches 
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Table 7 -- Average 1948 measured and 1910 projected diameters by 1910 
diameter group and species (in inches). 
1910 DBH 1910 DBH 1948 DBH 
Species Group Mean Std Dev. Mean Std Dev. N 
PP > 0.1 Inches TTT3 7^46 15L0 6^52 21<D 
DF 5.1 3.01 9.9 2.61 148 
LP 3.6 9.0 1 
S 2.1 7.5 1 
PP < 0.1 Inches 7.6 0.70 17 
DF 7.8 1-07 44 
dbh) in 1910, based on trees with 6.6 inch dbh in 1948. Ponderosa pine and 
Douglas-fir accounted for 7 and 14 percent respectively (from the 21 percent 
of the six-inch diameter class in the 1948 tally), and averaged 1.26 and 0 98 
trees per acre for the two-inch diameter class in 1910, respectively. 
Stump Diameter-To-DBH Relationship 
Diameters of trees harvested during the 1906 timber sale were estimated 
from equations 3 through 8, which were applied to stump survey data collected 
in 1948. Regression equation 6 was derived to predict dbh from stump 
measurements based on live tree measurements collected in 1991. It had an 
R-squared of 0.97 for both ponderosa pine and Douglas-fir, and was significant 
at probabilities of less then 0.0001 (Table 8). Stump-to-dbh estimates 
produced from equation 6 were similar to estimates developed by White (1924) 
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Table 8 — Regression coefficients and associated statistics for DBH estimated 
from outside bark diameters measured at one foot bole height by species 
(equations 6). 
Ponderosa Douglas 
Pine fir 
bO -1.154202 -0.324657 
b1 0.900867 0.855831 
R-squared 0.97 0.97 
Root MSE 0.75655 0.52876 
n 118 79 
Prob>F 0.0001 0.0001 
Table 9 -- White's 1924 estimate for predicting ponderosa pine DBH from 
average stump diameter outside bark (DOB). 
Stump Diameter (DOB) 
range average 
Estimator to 
Subtract From 
Stump Diameter 
Estimated DBH 
From Average 
Stump Diameter 
10 to 14 
15 to 30 
31 to 37 
38 to 42 
12.0 
22.5 
34.0 
40.0 
2 
3 
4 
5 
10.0 
20.5 
30.0 
35.0 
for ponderosa pine in Lick Creek (Table 9). 
Because of different stump heights (from 4 to 60 inches) measured in 
1948, a taper adjustment was applied to the 1906 diameter estimates 
constructed from the application of equation 6. The average taper adjustment 
(calculated from equation 7) was 0.89 inches with a standard deviation of 
0.927; and the average stump height was 17.6 inches with a standard 
deviation of 5.97. 
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During the 1906 timber sale an average of 25 trees per acre were cut, 
with ponderosa pine and Douglas-fir accounting for about 22 and 3 trees per 
acre, respectively. The average dbh estimated for ponderosa pine and Douglas-
fir was 22.6 and 20.3 inches respectively, based on equations 3 through 8, 
which had a combined standard deviation of approximately one two-inch 
diameter class (when accounting for the variation between equations). Figure 
2 displays a stand table of the diameters of trees cut in 1906. 
Figure 2 -- Average stand density distribution of trees cut during the 1906 Lick 
Creek timber sale. 
8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 
Diameter Classes (inches) 
(8 inches diameter class = 6.5" to 8.4", etc...) 
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Stand Structure and Composition Analysis 
A total of 31 one-fifth acre plots established in Management Regime A 
were used in a stand structure and composition analysis. Plots were stratified 
into two groups, dry and moist habitat types (Table 10), yielding 15 and 16 
plots respectively. Both dry and moist habitat types were also compared to 
White's 1923 stand structure and composition estimates (White 1924). 
Table 10 — Number of sample plots by habitat type group and habitat type. 
Dry Habitat Type Groups Total Number of Plots 
PSME/SYAL-AGSP 1 
PSME/SYAL-CARU 5 
PSME/SYAL-SYAL 1 
PSME/CARU-AGSP 1 
PSME/CARU-ARUV 6 
PSME/CARU-CARU 1 
Total 15 
Moist Habitat Type Groups 
PSME/VACA 5 
PSME/VAGL-ARUV 3 
PSME/LIBO-SYAL 2 
PSME/LIBO-VAGL 1 
ABGR/LIBO-LIBO 4 
ABLA/LIBO-LIBO 1_ 
Total 16^ 
Grand Total 31 
Dry Habitat Group 
In the dry habitat group the 1906 basal area (BA) averaged around 111 
square feet per acre, with ponderosa pine and Douglas-fir representing 93 and 
7 percent of the total BA, respectively (Table 11). Sixty percent of the trees 
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were in diameter classes greater then 10 inches (Figure 3). During the 1906 
timber sale 58 percent of the BA (or 65 square feet per acre) of BA was 
removed. Ninety percent of the BA removed was ponderosa pine, and most 
trees were greater then 10 inches dbh. 
Table 11 - Summary of average basal area and associated standard deviation by habitat 
type group, year, and species (square feet / acre). 
Dry Habitat Type Group 
1906 1910 1948 1991 
SPECIES MEAN STD MEAN STD MEAN STD MEAN STD 
DF 7.27 13.01 0.87 1.24 15.93 17.02 26.84 24.55 
PP 103.62 57.64 45.57 39.22 79.28 45.10 81.42 39.12 
Total 110.89 58.54 46.44 39.23 95.21 45.40 108.26 34.90 
Moist Habitat Type Group 
1906 1910 1948 1991 
SPECIES MEAN STD MEAN STD MEAN STD MEAN STD 
AF , # 9 . 0.09 0.29 0.43 1.05 
DF 15.87 15.76 8.21 7.95 43.77 25.50 33.64 26.11 
GF . . . . 0.27 0.51 0.89 1.63 
LP 0.02 0.06 0.02 0.09 0.42 0.68 0.90 1.73 
PP 97.99 58.53 22.84 23.22 48.34 23.46 58.05 25.51 
S 0.00 0.02 0.01 0.03 0.14 0.46 0.82 2.43 
Total 113.88 52.20 31.08 24.24 93.02 26.38 94-72 30.51 
Basal area doubled between 1910 to 1948 by 49 square feet per acre 
(Table 11), with ponderosa pine and Douglas-fir increasing 69 and 31 percent, 
respectively, of the total increase in BA. The percent of trees per acre (TPA) 
for ponderosa pine dropped from 85 percent in 1910, to 64 percent in 1948 
(Table 12), with Douglas-fir increasing mostly in diameters less than 10 inches 
(Table 12 and Figures 3 & 4). 
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Table 12-- Average trees per acre (TPA) for dry habitat type group by species and two inch 
diameter classes for four measurement periods. 
DBH 
Sp Class* 
1906 1910 1948 1991 
MEAN STD MEAN STD MEAN I STD MEAN STD 
AF 2 0.0 0.00 0.0 0.00 0.3 1.29 0.0 0.00 
Total 0.0 0.00 0.0 0.00 0.3 1.29 0.0 0.00 
DF 2 3.9 6.02 2.9 3.52 112.3 176.64 58.7 81.84 
4 1.7 4.50 2.7 4.17 63.0 88.19 10.7 17.30 
6 1.0 2.07 1.7 4.08 24.7 34.20 9.3 18.21 
8 0.0 0.00 0.0 0.00 8.0 11.77 9.7 14.08 
10 0.7 1.76 0.7 1.76 3.7 6.67 9.0 15.61 
12 0.3 1.29 0.0 0.00 2.0 3.16 10.0 11.65 
14 0.3 1.29 0.0 0.00 1.0 2.80 4.0 5.41 
16 0.7 2.58 0.0 0.00 0.3 1.30 2.3 4.17 
18 0.3 1.29 0.0 0.00 0.0 0.00 1.0 2.07 
20 0.0 0.00 0.0 0.00 0.0 0.00 0.3 1.30 
22 0.3 1.29 0.0 0.00 0.0 0.00 0.0 0.00 
24 0.3 1.29 0.0 0.00 0.0 0.00 0.0 0.00 
26 0.3 1.29 0.0 0.00 0.0 0.00 0.0 0.00 
28 0.0 0.00 0.0 0.00 0.0 0.00 0.0 0.00 
30 0.3 1.29 0.0 0.00 0.0 0.00 0.0 0.00 
Total 10.2 14.06 7.9 10.84 215.0 294.72 115.0 120.92 
PP 2 5.6 13.09 5.2 11.86 230.0 313.86 79.3 88.30 
4 2.3 4.17 3.3 7.72 85.0 138.35 19.7 20.30 
6 5.3 5.50 4.7 5.16 29.7 38.80 15.0 15.00 
8 4.3 5.30 4.0 5.73 10.3 16.85 19.7 32.92 
10 5.7 7.52 5.3 7.67 4.0 7.84 12.3 17.20 
12 5.0 6.27 4.7 6.40 4.7 5.16 11.0 15.02 
14 5.0 5.00 3.0 4.55 5.0 5.00 5.0 5.67 
16 7.3 7.04 3.7 4.81 6.7 7.48 4.0 6.60 
18 5.0 7.32 3.0 6.21 3.0 4.55 5.0 5.35 
20 6.3 6.94 3.0 4.55 4.6 7.19 3.6 4.41 
22 1.7 4.08 1.0 2.80 3.0 4.93 3.0 3.16 
24 4.0 5.07 2.0 4.14 1.7 3.09 1.0 2.07 
26 3.7 3.52 1.3 2.29 1.7 3.09 3.0 5.91 
28 1.0 2.07 0.3 1.30 0.7 1.76 0.7 1.76 
30 2.3 2.58 0.3 1.30 1.0 2.07 1.0 2.07 
32 0.7 2.58 0.3 1.30 0.3 1.30 0.0 0.00 
34 0.0 0.00 0.0 0.00 0.3 1.30 0.3 1.30 
36 1.0 2.07 0.0 0.00 0.0 0.00 0.0 0.00 
42 0.3 1.29 0.0 0.00 0.0 0.00 0.0 0.00 
Total 66.7 34.75 45.2 35.07 391.7 470.01 183.7 100.24 
Total 76.9 36.14 53.1 36.20 607.0 482.02 298.7 120.01 
* DBH Classes: 2 = 0.5" to 2.4", 4 = 2.5" to 4.4", etc... 
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Between 1948 to 1991 BA increased only 14 percent (or about 13 
square feet per acre), with most of the increase in Douglas-fir (Table 11). 
Because of additional cutting during this time period, the TPA dropped 51 
percent (or about 308 TPA), with ponderosa pine and Douglas-fir representing 
68 and 32 percent, respectively, of the total drop in TPA (Table 12). Diameter 
classes less then 8 inches dropped a total of 352 TPA, while larger diameter 
classes increased slightly. Ponderosa pine and Douglas-fir TPA dropped 70 and 
60 percent, respectively, in diameter classes less than 8 inches, with 1991 TPA 
for both species being around 114 and 121, respectively (Table 12 and Figure 
4). 
The present (1991) stand's BA was within 3 square feet per acre of the 
pre-treatment (1906) BA (Table 11), but differed in both stand composition and 
stand structure. The 1906 stand composition consisted of a greater number of 
ponderosa pine to Douglas-fir trees per acre (87 and 13 percent, respectively), 
compared to the composition of 1991 (61 and 39 percent, respectively) (Table 
12). The 1991 stand structure had 3.9 times more TPA than 1906, with 82 
percent (or about 243 TPA) of the trees in diameter classes less than 12 inches 
(Table 12), compared to 40 percent (or about 30 TPA) in 1906. 
Moist Habitat Group 
In the moist habitat group the 1906 basal area (BA) averaged around 114 
square feet, with ponderosa pine and Douglas-fir representing 86 and 14 
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Figure 3 -- Average stand density distributions for dry habitat type groups by 
species and two inch diameter classes for years 1906 and 1910. 
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Figure 4 -- Average stand density distributions for dry habitat type groups by 
species and two inch diameter classes for years 1948 and 1991. 
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percent of the BA respectively (Table 11). Trees in diameter classes greater 
then 10 inches accounted for 44 percent of the TPA, with 72 percent of all 
ponderosa pine in diameter classes greater than 10 inches (Table 13). About 
73 percent (or about 83 square feet) of the 1906 BA was removed during the 
1906 timber sale (Table 11). Ninety-one percent of the total BA removed was 
ponderosa pine, mostly 10 inch dbh and greater. 
The BA almost tripled between 1910 and 1948 (about 62 square feet per 
acre), with Douglas-fir increasing about 2.5 times faster then ponderosa pine 
(Table 11). TPA increased by 15 times between 1910 to 1948, with the actual 
number of TPA increasing from 65 to 963. The percent of TPA in ponderosa 
pine increased from 38 in 1910 to 46 in 1948, with 88 percent of the increase 
in diameter classes less than 6 inches (Table 13 and Figures 5 & 6). 
Additional cutting caused TPA to drop between 1948 and 1991, while 
BA increased slightly. Total BA increased about 2 square feet per acre with 
Douglas-fir BA decreasing by 23 percent, while ponderosa pine increased by 20 
percent (Table 11). Total TPA dropped by 687 between 1948 and 1991, with 
96 percent of this reduction in the 2 to 4 inch diameter classes (Table 13) and 
almost evenly divided between ponderosa pine and Douglas-fir. 
Comparing the moist habitat types pretreatment (1906) stand conditions 
to present (1991) BA dropped by about 19 square feet per acre (Table 11), 
while TPA increasing by about 191 (Table 13). In 1906 ponderosa pine and 
Douglas-fir represented 86 and 14 percent of the BA, while in 1991 ponderosa 
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Table 13 - Average trees per acre (TPA) for moist habitat type group by species and two 
inch diameter classes for four measurement periods. 
DBH 
Sp Class* 
1906 1910 1948 1991 
MEAN STD MEAN STD MEAN STD MEAN STD 
AF 2 0.0 0.00 0.0 0.00 0.9 3.75 3.4 10.12 
4 0.0 0.00 0.0 0.00 0.3 1.25 0.3 1.25 
6 0.0 0.00 0.0 0.00 0.3 1.25 0.3 1.25 
8 0.0 0.00 0.0 0.00 0.0 0.00 0.3 1.25 
12 0.0 0.00 0.0 0.00 0.0 0.00 0.3 1.25 
Total 0.0 0.00 0.0 0.00 1.6 5.07 4.7 10.08 
DF 2 6.8 6.79 9.0 10.21 275.6 258.43 62.5 66.31 
4 6.9 8.34 5.9 7.12 134.7 123.63 5.9 11.29 
6 10.0 14.38 10.3 12.18 47.5 34.30 7.2 9.30 
8 7.5 11.26 8.1 10.47 22.5 14.83 13.8 19.19 
10 2.5 4.08 3.8 5.92 10.0 10.00 17.5 19.32 
12 1.9 3.10 1.6 2.39 7.8 8.36 9.0 7.35 
14 0.6 1.71 0.6 1.70 2.8 6.58 7.8 9.30 
16 0.6 1.71 0.0 0.00 2.0 3.10 3.1 4.03 
18 0.3 1.25 0.0 0.00 0.9 2.72 0.3 1.25 
20 0.3 1.25 0.0 0.00 0.0 0.00 0.0 0.00 
22 0.6 1.71 0.0 0.00 0.0 0.00 0.0 0.00 
24 0.0 0.00 0.0 0.00 0.0 0.00 0.0 0.00 
26 0.3 1.25 0.0 0.00 0.0 0.00 0.0 0.00 
28 0.3 1.25 0.0 0.00 0.0 0.00 0.0 0.00 
38 0.3 1.25 0.0 0.00 0.0 0.00 0.0 0.00 
Total 39.0 29.93 39.3 28.07 503.6 402.36 127.2 81.67 
GF 2 0.0 0.00 0.0 0.00 4.0 10.20 7.2 14.94 
4 0.0 0.00 0.0 0.00 1.6 3.52 1.6 3.52 
6 0.0 0.00 0.0 0.00 0.6 1.70 0.3 1.25 
8 0.0 0.00 0.0 0.00 0.0 0.00 0.3 1.25 
10 0.0 0.00 0.0 0.00 0.0 0.00 0.3 1.25 
14 0.0 0.00 0.0 0.00 0.0 0.00 0.3 1.25 
Total 0.0 0.00 0.0 0.00 6.2 13.48 10.0 17.70 
LP 2 0.0 0.00 0.0 0.00 0.6 1.71 1.6 5.07 
4 0.3 1.25 0.3 1.25 1.2 2.24 0.0 0.00 
6 0.0 0.00 0.0 0.00 1.2 2.89 0.0 0.00 
8 0.0 0.00 0.0 0.00 0.0 0.00 0.3 1.25 
10 0.0 0.00 0.0 0.00 0.3 1.25 0.9 2.02 
14 0.0 0.00 0.0 0.00 0.0 0.00 0.3 1.25 
Total 0.3 1.25 0.3 1.25 3.4 4.37 3.1 6.80 
Continued next page. 
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Continued from last page. 
Sp 
DBH 
Class* 
1906 1910 1948 1991 
MEAN STD MEAN STD MEAN I STD MEAN STD 
pp 2 3.9 7.38 4.6 10.04 284.3 252.45 54.4 116.86 
4 3.1 5.12 3.4 5.69 105.9 76.27 14.0 36.75 
6 3.1 5.44 3.1 4.43 28.1 27.74 10.9 10.68 
8 1.6 3.01 1.6 3.97 10.0 16.43 11.6 10.44 
10 0.9 2.01 0.9 2.72 3.8 8.06 9.1 8.21 
12 2.5 4.47 1.3 2.24 0.9 2.02 10.0 10.49 
14 3.8 4.66 2.2 4.46 1.9 3.10 4.4 5.74 
16 2.5 4.08 0.9 2.05 0.0 0.00 4.4 7.04 
18 3.4 3.97 2.2 3.15 3.8 5.32 2.8 5.15 
20 3.8 5.63 1.9 3.10 1.3 3.42 2.2 4.07 
22 1.9 3.10 0.6 1.71 1.3 2.24 1.3 2.24 
24 1.6 3.01 0.6 1.71 1.6 3.01 0.6 1.71 
26 2.5 3.16 0.3 1.25 0.9 2.02 0.3 1.25 
28 3.4 5.69 0.3 1.25 0.9 2.02 0.6 1.71 
30 1.9 3.10 0.6 1.71 0.3 1.25 1.3 2.24 
32 1.6 2.39 0.0 0.00 0.3 1.25 0.3 1.25 
34 0.6 1.71 0.0 0.00 0.0 0.00 0.6 1.71 
36 0.9 2.72 0.0 0.00 0.0 0.00 0.0 0.00 
38 0.3 1.25 0.0 0.00 0.0 0.00 0.0 0.00 
40 0.6 1.71 0.0 0.00 0.0 0.00 0.0 0.00 
42 0.6 1.71 0.0 0.00 0.0 0.00 0.0 0.00 
Total 44.6 29.29 24.6 19.63 445.3 294.26 128.6 153-40 
s  2 0.3 1.25 0.3 1.25 1.2 2.89 0.6 1.71 
4 0.0 0.00 0.0 0.00 0.6 1.71 0.9 2.72 
8 0.0 0.00 0.0 0.00 0.3 1.25 0.0 0.00 
12 0.0 0.00 0.0 0.00 0.0 0.00 0.3 1.25 
18 0.0 0.00 0.0 0.00 0.0 0.00 0.3 1.25 
Total 0.3 1.25 0.3 1.25 2.2 5.47 2.2 5.47 
Total 84.2 31.50 64.5 27.88 962.5 546.92 275.9 203.50 
* DBH Classes: 2 = 0.5" to 2.4", 4 = 2.5" to 4.4", etc... 
pine dropped by 61 percent and Douglas-fir increased by 36 percent of the BA. 
Ponderosa pine TPA dbh dropped slightly (3.1 trees per acre) for trees in 
diameter classes greater then 10 inches, while Douglas-fir increased by almost 
15 TPA between 1906 and 1991 (Table 13). For trees in diameter classes less 
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Figure 5 -- Average stand density distributions for moist habitat type groups by 
species and two inch diameter classes for years 1906 and 1910 
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Figure 6 -- Average stand density distributions for moist habitat type groups by 
species and two inch diameter classes for years 1948 and 1991. 
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then 12 inches, TPA increased by almost 8 times (from 13 to 100 TPA) for 
ponderosa pine, while Douglas-fir increased by 3 times (from 34 to 107 TPA), 
between the years 1906 to 1991 (Figures 5 and 6). Other species (not 
including ponderosa pine and Douglas-fir) increased by 20 TPA during this same 
time period, with 50 percent of this increase due to grand-fir. 
White's 1923 Estimate 
The 1910 stand structure and composition estimates were compared to 
the results from White's (1924) 1923 inventory estimates of the complete 1906 
timber sale area. To make the estimated 1910 data comparable with White's 
1923 data, dry and moist habitat types were combined and diameter classes 
were recalculated so that a 6 inches diameter class ranged from 5.5 to 7.4 
inches. Total Basal area of White's 1923 estimates were 4.76 square feet per 
acre higher than the 1910 estimates, with White's BA estimates 6.76 square 
feet per acre higher for ponderosa pine and 2.59 square feet per acre lower for 
Douglas-fir (Table 14). 
Trees per acre estimates varied with White's 1924 estimate about 11 
trees less than 1910 estimates, with the greatest difference being the number 
of Douglas-fir between White's estimate and 1910 estimates, 1.2 and 10.8 TPA 
respectively (Table 15). The largest diameter classes present for ponderosa 
pine in White's and the 1910 estimates were 42 and 30 inches, respectively. 
White (1924) summarized small trees (seedling, sapling and advance growth) 
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Table 14 - Basal area in square feet/acre for White's 1923 data and 
reconstructed 1910 estimates. 
White 1910 Estimated 
Species Mean Mean Std Dev. 
DF 1L04 3^63 6.17 
PP 40.13 33.37 33.55 
Other 0.59 0.00 0-00 
Total 41.76 37.00 34.11 
that germinated after the 1906 timber sale into percent of area covered by tree 
per acre classes, making comparisons with the reconstructed data in this thesis 
difficult. White estimated that 15 percent of the area was composed of 
between 20 to 200 small trees per acre, while 85 percent of the area was 
composed of greater then 200 small trees per acre. Small trees of ponderosa 
pine covered 24 percent of the area ranging from 20 to 100 small trees per 
acre, and about 66 percent of the area with greater than 100 small trees per 
acre. 
Diameter Growth Rates 
Individual tree measurements were compared by periodic annual diameter 
growth (PADG) and periodic annual basal area growth (PABAG) for survivor 
trees. For all tabulations Management Regimes were arranged in descending 
order based on the number of commercial cuts (Table 2). Individual tree 
measurements were tabulated by: 
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Table 15 — Trees per acre (TPA) for White's 1923 data and reconstructed 1910 
estimates. 
DBH 1910 Estimated 
SPECIES DCLASS* WHITE MEAN STD 
DF 6 0.06 5.76 11.667 
8 0.19 1.97 5.855 
10 0.26 1.97 4.496 
12 0.39 0.30 1.212 
14 0-13 0-15 0.870 
16 0.07 0.00 . 
18 0.07 0.00 . 
20 0.07 0.00 . 
Total 1.24 10.81 17.325 
PP 6 0.32 4.19 6.337 
8 1.35 2.90 4.430 
10 1.87 2.90 5.741 
12 3.48 2.58 4.632 
14 3.03 2.58 4-632 
16 3.03 2.58 4.056 
18 2.84 2.10 3.600 
20 2.19 1.77 3.304 
22 1.55 1.13 2.125 
24 1.03 1.45 3.213 
26 0.84 0.32 1.249 
28 0.52 0.32 1.249 
30 0.39 0-48 1.503 
32 0.39 0.00 . 
38 0.07 0.00 
40 0.07 0.00 . 
42 0.07 0.00 . 
Total 23.04 25.32 25.395 
Other • 10 0.06 0.00 
14 0.06 0.00 m 
18 0.07 0.00 m 
20 0.07 0.00 
24 0.07 0.00 
Total 0.33 0.00 
Total 24-54 36.13 28.246 
* DBH Classes: 6 = 5.5" to 7.4", etc... 
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1) Management Regime (Table 16), 
2) Management Regime and species (Table 17), 
3) Management Regime, species, and diameter groups (Table 18), 
and 
4) Management Regime by each measurement period (Table 19). 
Tabulation were based on survivor trees present in the first (1952 & 1955) and 
last (1990 & 1991) measurement period. 
Growth rates tabulated by diameter class and species produced similar 
results regardless of Management Regime. Generally, trees in the 8 and 12-
inch diameter classes had faster PADG than those in higher diameter classes 
(Table 18). When present, the 12-inch diameter class always had faster PADG 
than the 8-inch diameter class for Douglas-fir, while for ponderosa pine it was 
evenly split between 8 and 12-inch diameter classes. Trees in the larger 
diameter classes usually had higher PABAG, than trees in lower diameter class 
of the same species (Table 18). 
Management Regime B3 had the best overall PADG with 0.19 inches per 
year, followed by B4 and C2 with 0.16 inches per year in the first tabulation 
(Table 16). The higher PADG of Management Regimes B3 and B4 could 
probably be attributed to their stand structure, which consisted of smaller trees 
(less then 12.5 inches dbh) that were moderately stocked. Stand structure of 
Management Regimes B3 and B4 was a result of cutting history, which 
consisted of three commercial thinning spaced about 12 years apart (Table 1), 
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and included about a 50 percent reduction of 1910 residual trees during the 
first commercial thinning (Table 2). Stand structure of Management Regime B3 
and B4 consisted of trees in the 12-inch diameter class or less (Table 18). They 
had the lowest 1991 BA of any Management Regime and fewer 1991 TPA then 
Management Regimes B1 and B2 (Table 20). Management Regime B1 and B2 
had similar cutting history to Management Regime B3 and B4 accept for the 
1979-80 commercial thinning (Table 1). 
Table 16 — Average periodic annual diameter growth (PADG), periodic increment 
diameter growth (PIDG), periodic annual BA growth (PABAG), and first (1952/1955) 
measurement period DBH of survivor trees by management regimes. 
PADG PIDG PABAG 1952/1955 
Man (inches/year) (inches) (sq ft/year) DBH (inches) 
Reg Avg Std Avg Std Avg Std Avg Std N 
A3 0.13 0.056 5.15 2.188 0.025 0.0115 15.0 6.63 41 
B3 0.19 0.060 6.86 2.205 0.023 0.0066 8.3 1.98 8 
B4 0.16 0.053 5.88 1.948 0.019 0.0074 8-1 1.20 9 
A1 0-15 0.051 5.93 2.007 0.021 0.0087 10.1 4.96 96 
A2 0-13 0.056 4.89 2.202 0.019 0.0108 11.9 5.95 72 
B1 0-14 0.054 5.30 2.011 0.019 0.0103 9.7 4.36 16 
B2 0.15 0.033 5.59 1.211 0.018 0.0055 7.7 1.01 13 
C3 0.15 0.032 5.63 1.183 0.020 0.0066 9.0 3.14 69 
C1 0-11 0.062 3.97 2.306 0.016 0.0077 13.0 5.75 27 
C2 0.16 0.039 5.91 1-441 0.021 0.0072 9.7 5.07 21 
D 0.13 0.050 4.53 1.714 0.019 0.0108 9.9 2.91 71 
Tied for the second highest overall PADG was Management Regime C2 
with 0-16 inches per year (Table 16). Management Regime C1 had 
approximately the same cutting history as Management Regime C2, but 
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Management Regime C1 apparently had more residual trees in the greater than 
8-inch diameter class after the 1955 cutting (Table 18). This probably resulted 
in Management Regime C1 having the slowest overall PADG with 0.11 inches 
per year (Table 16). Management Regime C1, also had the slowest PADG for 
all species and diameter classes, with a PADG of 0.06 inches per year for 
ponderosa pine at 17 and 20-inch diameter classes (Table 17). 
Management Regime C2 did slightly better than Management Regime C3 
in diameter and BA growth for individual trees (Table 16). Comparison of 
growth rates between measurement periods revealed that Management Regime 
C2 and C3 had about the same PADG and PABAG between the period of 1965 
to 1991 (Table 19), despite different cutting history during this time (Table 1). 
Both Management Regimes received about the same treatment prior to this 
time, with the 1955 commercial cut removing about 100 percent of the residual 
trees left after 1906 timber sale (Table 2). Management Regime C2 had slightly 
higher PADG and PABAG, for measurement periods 1955 to 1960 and 1960 
to 1965, than Management Regime C3 (Table 19). This difference in growth 
is probably related to either site differences or quality of trees left after the 
1955 commercial thinning. 
Management Regime A3 had the highest PABAG with 0.025 square feet 
(sqft) per year, followed by Management Regime B3 and A1 with PABAG of 
0.025 and 0.21 sqft per year, respectively (Table 16). The higher overall 
PABAG of Management Regime A3 and A1 was probably a result of the greater 
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Table 17 — Average periodic annual diameter growth (PADG), periodic increment diameter 
growth (PIDG), periodic annual BA growth (PABAG), and first (1952/1955) measurement 
period DBH of survivor trees by management regimes and species. 
PADG PID PABAG 1952/1955 
Man (inches/year) (inches) (sq ft/year) DBH (inches) 
Reg Sp Avg Std Avg Std Avg Std Avg Std N 
A3 DF 0.15 0.062 6.02 2.413 0.018 0.0090 7.4 0.41 9 
PP 0.12 0.050 4.68 1.947 0.027 0.0119 17.7 5.57 30 
S 0.21 0.044 8.20 1.697 0.027 0.0093 7.5 0.78 2 
B3 DF 0.22 . 8.30 , 0.027 . 6.9 . 1 
PP 0.18 0.062 6.66 2.297 0.023 0.0070 8.5 2.05 7 
B4 DF 0.26 . 9.70 . 0.033 . 6.8 . 1 
PP 0.15 0.038 5.40 1-410 0.018 0.0056 8.3 1.17 8 
A1 DF 0.16 0.045 6.11 1.758 0.019 0.0076 7.7 1.20 26 
GF 0.18 . 7.30 . 0.021 . 7.0 , 1 
LP 0.11 . 4.30 , 0.014 . 9.6 . 1 
PP 0.15 0.054 5.87 2.115 0.022 0.0090 11.1 5.55 68 
A2 DF 0.15 0.037 6.02 1.458 0.018 0.0061 7.5 0.70 30 
LP 0.07 , 2.70 , 0.006 6.6 , 1 
PP 0.11 0.059 4.12 2.320 0.019 0.0133 15.2 6.00 41 
B1 DF 0.14 0.111 5.20 4.101 0.016 0.0140 7.5 0.92 2 
PP 0.14 0.050 5.31 1.835 0.020 0.0103 10.0 4.59 14 
B2 PP 0.15 0.033 5.59 1.211 0.018 0.0055 7.7 1.01 13 
C3 DF 0.15 0.029 5.49 1.089 0.018 0.0058 8.5 1.92 44 
PP 0.16 0.036 5.87 1.320 0.022 0.0075 9.9 4.49 25 
C1 PP 0.11 0.062 3.97 2.306 0.016 0.0077 13.0 5.75 27 
C2 DF 0.14 0.040 5.26 1.488 0.019 0.0089 9.8 5.62 7 
PP 0.17 0.037 6.24 1.353 0.023 0.0063 9-7 5.00 14 
D DF 0.15 0.043 5.13 1.458 0.021 0.0104 9.4 2.35 13 
PP 0.13 0.051 4.39 1.749 0.018 0.0110 10.1 3.02 58 
number of large diameter trees left after the 1952 commercial thinning (Table 
2). Management Regimes A1, A2, and A3 had about 33 percent of the 1910 
residual trees removed in the 1952 commercial thinning (Table 2). While during 
the 1955 commercial thinning Management Regimes B1, B2, B3, and B4 had 
about 50 percent, and Management Regimes C1, C2, and C3 had about 100 
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Table 18 — Average periodic annual diameter growth (PADG), periodic increment diameter growth (PIDG), periodic 
annual BA growth PABAG, and first (1952/65) measurement period DBH of survivor trees by management regimes, 
species, and diameter classes. 
PADG PID PABAG 1952/1955 
Man 
Reg Sp 
DBH 
CI 
(inches/year) (inches) (sq ft/year) DBH (inches) 
N Avg Std Avg Std Avg Std Avg Std 
A3 DF 8 0.15 0.062 6.02 2.413 0.018 0.0090 7.4 0.41 9 
PP 8 0.09 0.121 3.70 4.715 0.011 0.0162 7.1 0.20 3 
12 0.15 0.044 5.80 1.719 0.026 0.0086 13.3 0.98 6 
17 0.11 0.045 4.39 1.752 0.024 0.0101 17.0 1.59 8 
20 0.12 0.031 4.57 1.224 0.032 0.0105 22.7 2.80 13 
S 8 0.21 0.044 8.20 1.697 0.027 0.0093 7.5 0.78 2 
B3 DF 8 0.22 8.30 0.027 6.9 1 
PP 8 0.21 0.047 7.66 1.750 0.025 0.0060 7.5 0.97 5 
12 0.11 0.036 4.15 1.344 0.016 0.0039 11.1 1.77 2 
B4 DF 8 0.26 9.70 0.033 6.8 1 
PP 8 0.14 0.041 5.23 1.525 0.016 0.0053 7.8 1.06 6 
12 0.16 0.034 5.90 1.273 0.022 0.0058 9.5 0.00 2 
A1 DF 8 0.15 0.044 6.10 1.714 0.018 0.0073 7.5 0.84 24 
12 0.16 0.080 6.20 3.111 0.024 0.0124 10.6 1.27 2 
GF 8 0.18 . 7.30 . 0.021 7.0 1 
LP 12 0.11 4.30 . 0.014 . 9.6 1 
PP 8 0.17 0.048 6.50 1.876 0.021 0.0079 7.8 0.86 35 
12 0.15 0.055 5.81 2.168 0.023 0.0093 11.1 1.52 22 
17 0.12 0.032 4.62 1.232 0.025 0.0073 16.7 0.84 5 
20 0.09 0.049 3.47 1.936 0.026 0.0148 26.0 5.08 6 
A2 DF 8 0.15 0.037 6.02 1.458 0.018 0.0061 7.5 0.70 30 
LP 8 0.07 . 2.70 0.006 6.6 1 
PP 8 0.15 0.064 5.86 2.487 0.019 0.0102 7.9 1.16 10 
12 0.09 0.029 3.35 1.146 0.013 0.0049 12.4 1.48 10 
17 0.10 0.028 3.89 1.096 0.020 0.0055 16.8 1.68 10 
20 0.09 0.079 3.45 3.086 0.024 0.0224 23.0 2.77 11 
B1 DF 8 0.14 0.111 5.20 4.101 0.016 0.0140 7.5 0.92 2 
PP 8 0.15 0.049 5.61 1.806 0.017 0.0064 7.4 0.63 10 
12 0.11 . 4.20 . 0.018 12.6 1 
17 0.09 0.036 3.45 1.344 0.020 0.0098 17.1 1.63 2 
20 0.19 
• 
7.20 
• 
0.049 
• 
19.5 
• 
1 
B2 PP 8 0.15 0.033 5.50 1.216 0.017 0.0048 7.5 0.61 12 
12 0.18 
• 
6.70 0.027 
• 10.5 1 
C3 DF 8 0.15 0.027 5.41 1.014 0.017 0.0042 7.7 0.80 33 
12 0.16 0.037 5.80 1.365 0.023 0.0071 10.4 0.78 10 
17 0.14 . 5.10 . 0.030 . 17.1 1 
PP 8 0.16 0.034 6.08 1.243 0.020 0.0059 7.9 0.90 18 
12 0.16 0.022 6.10 0.808 0.025 0.0036 10.6 1.11 4 
17 0.07 . 2.50 . 0.014 17.4 1 
20 0.14 0.015 5.20 0.566 0.038 0.0003 22.6 3.25 2 
Continued on next page. 
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PADG PID PABAG 1952/1955 
Man DBH (inches/year) (inches) (sq ft/year) DBH (inches) 
Reg Sp CI Avg Std Avg Std Avg Std Avg Std N 
C1 PP 8 0.15 0.069 5.60 2.546 0.017 0.0087 7.0 0.41 10 
12 0.11 0.039 4.14 1.457 0.018 0.0063 12.6 1.26 7 
17 0.06 0.027 2.19 1.001 0.012 0.0055 17.4 1.71 7 
20 0.06 0.035 2.27 1.290 0.017 0.0117 23.2 3.10 3 
C2 DF 8 0.15 0.043 5.40 1.576 0.017 0.0075 7.7 0.90 6 
20 0.12 . 4.40 0.032 22.4 . 1 
PP 8 0.18 0.029 6.74 1.073 0.021 0.0047 7.1 0.43 10 
12 0.15 0.048 5.45 1.768 0.023 0.0076 11.7 0.85 2 
17 0.11 4.00 . 0.023 . 17.7 . 1 
20 0.14 5.00 0.038 • 23.2 1 
D DF 8 0.13 0.037 4.54 1.256 0.015 0.0059 7.8 0.91 8 
12 0.18 0.039 6.08 1.337 0.030 0.0101 11.9 1.55 5 
PP 8 0.10 0.037 3.47 1.247 0.011 0.0053 7.7 0.76 28 
12 0.16 0.049 5.32 1.662 0.024 0.0090 11.3 1.30 25 
17 0.14 0.074 4.90 2.526 0.030 0.0173 16.1 1.84 4 
20 0.14 4.90 0.037 . 21.1 1 
percent, of the 1910 residual trees removed (Table 2). 
Management Regime A3 probably had higher PABAG than Management 
Regimes A1 and A2 as result of the 1979-80 commercial thin (Table 1). From 
1962 to 1991, PABAG of Management Regimes A3 was 0.027 sqft per year, 
compared to Management Regimes A1 and A2 with 0.022 and 0-019 sqft per 
year, respectively (Table 19). Prior to this time Management Regimes A1, A2 
and A3 had similar cutting history and fairly close PABAG (Table 19). 
Management Regime A1 had higher overall PABAG than Management Regime 
A2 (Table 16). This was probably a result of TPA and BA being higher in 
Management Regime A2 than Management Regime A1, during most of the 
growing period between 1952 and 1991 (Table 20). 
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Man PADG PABAG DBH* PADG PABAG DBH* PADG PABAG DBH* N 
Reg inches sq ft inches inches sq ft inches inches sq ft inches Trees 
A3 Avg 0.10 0.017 15.0 0.11 0.019 15.5 0.14 0.027 16.0 41 
Std 0.054 0.0111 6.63 0.050 0.0121 6.63 0.062 0.0124 6.67 
B3 Avg 0.15 0.013 8.3 0.18 0.018 9.2 0.20 0.027 10.1 8 
Std 0.106 0.0086 1.98 0.116 0.0112 1.72 0.051 0.0065 1.39 
B4 Avg 0.15 0.014 8.1 0.19 0.020 9.0 0.15 0.021 10.0 9 
Std 0.049 0.0043 1.20 0.063 0.0070 1.10 0.060 0.0094 1.13 
A1 Avg 0.16 0.018 10.1 0.16 0.019 10.9 0.15 0.022 11.7 96 
Std 0.055 0.0091 4.96 0.061 0.0099 4.92 0.055 0.0096 4.88 
A2 Avg 0.13 0.016 11.9 0.13 0.018 12.5 0.12 0.019 13.2 72 
Std 0.061 0.0101 5.95 0.061 0.0107 5.85 0.060 0.0118 5.78 
B1 Avg 0.16 0.017 9.7 0.14 0.017 10.7 0.14 0.020 11.4 16 
Std 0.090 0.0099 4.36 0.084 0.0105 4.24 0.056 0.0117 4.22 
B2 Avg 0.17 0.016 7.7 0.14 0.014 8.8 0.15 0.019 9.4 13 
Std 0.040 0.0049 1.01 0.045 0.0054 1.12 0.036 0.0062 1.21 
C3 Avg 0.16 0.016 9.0 0.17 0.019 9.9 0.15 0.021 10.8 69 
Std 0.046 0.0075 3.14 0.057 0.0096 3.16 0.037 0.0070 3.20 
C1 Avg 0.13 0.017 13.0 0.14 0.020 13.8 0.09 0.015 14.5 27 
Std 0.065 0.0069 5.75 0.064 0.0081 5.50 0.067 0.0093 5.34 
C2 Avg 0.18 0.020 9.7 0.19 0.025 10.8 0.15 0.021 11.7 21 
Std 0.071 0.0119 5.07 0.055 0.0164 5.10 0.051 0.0076 5.20 
D Avg 0.19 0.022 9.9 0.16 0.020 10.9 0.12 0.018 11.7 71 
Std 0.072 0.0123 2.91 0.066 0.0122 3.05 0.050 0.0109 3.21 
Measurement Periods 
1957/60 to 1962/65 1962/65 to 1990/91 
DBH is from the first year in a measurement period. 
Management Regime D had poor overall PADG and PABAG of individual 
trees during growing period 1955 to 1990 (Table 16). During measurement 
period 1955 to 1960, Management Regime D had the highest overall PADG and 
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PABAG with 0.19 inches per year and 0.022 sqft per year, respectively (Table 
19). From 1965 to 1990, Management Regime D dropped to the second 
slowest growth rates, of all the Management Regime, with a PADG of 0.12 
inches per year and a PABAG of 0.018 sqft per year. This reduction in growth 
over the last 30 years was probably a result of the stand becoming over 
stocked. Management Regime D was mostly clearcutted in 1906 and had very 
little additional thinning. 
Further statistical analyses of tree diameter growth were not conducted 
due to high plot variability within each Management Regime. 
Stand Volume Growth 
Stand growth was calculated by tree volume and tabulated over all 
measurement periods using a methodology similar to accretion. Tree volumes 
were computed via a two-step process. First tree heights were estimated as 
a function of dbh; then tree heights (estimated or measured) and dbh were 
applied to standard volume equations, to generate estimated tree volumes. 
Volumes were displayed by Management Regime and sorted by descending 
order of the number of commercial harvests occurring within a Management 
Regime (Table 2). 
True accretion could not be calculated because actual tree diameters 
before cutting and tree mortality (a requirement for accretion) were not known 
for Management Regimes A3, C3, B3 and B4. Management Regime A3 had 18 
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Table 20 - Average trees per acre and basal area for each measurement year by 
management regime. 
Basal Area (Square Feet Per Acre) 
Measurement Year 
Mang 1952/1955~ 1957/1960~ 1962/1965~ 1990/1991~ 
Reg Avg Std Avg Std Avg Std Avg Std 
A3 106 42.2 94 35.8 104 36.6 87 41.2 
B3 95 29.6 67 21.1 71 22.4 53 28.9 
B4 61 33.0 58 29.8 66 29.5 62 24.9 
A1 59 26.5 52 22.0 63 22.7 99 32.4 
A2 75 28.6 77 17.6 88 17.2 99 25.8 
B1 46 30.1 48 21.9 58 23.7 69 28.5 
B2 58 14.4 51 12.9 65 15.6 91 35.9 
C3 60 20.7 46 13.2 58 16.9 80 15.2 
C1 82 56.4 59 45.8 67 44.2 85 21.1 
C2 77 43.2 30 20.6 42 25.7 85 34.8 
D 29 10.2 34 12.2 40 14.0 58 17.0 
Trees Per Acre 
Measurement Year 
Mang 
Reg 
1952/1955 1957/1960 1962/1965 1990/1991 
Avg Std Avg Std Avg Std Avg Std 
A3 1068 545.8 686 425.3 562 344.4 267 115.9 
B3 400 253.9 284 205.2 325 266.3 147 42.8 
B4 475 363.9 335 231.9 433 327.9 161 51.5 
A1 742 548.7 507 297.0 505 288.9 338 213.6 
A2 874 624.1 656 415.2 529 304.5 240 123.2 
B1 665 424.2 485 319.3 572 459.1 246 166.0 
B2 1088 644.2 865 634.1 1000 670.8 205 52.2 
C3 795 395.1 574 274.8 661 334.1 128 46.6 
C1 340 276.0 270 274.0 238 191.2 135 61.5 
C2 820 629.2 560 488.7 605 502.3 182 69.4 
D 323 382.4 228 306.6 161 137.4 88 44.0 
years between cutting and last measurement, while Management Regimes C3, 
B3 and B4 had 15 years. Management Regime B3 and B4 were also cut twice 
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during this period. Because of the time lapse between measurement and 
cutting for a few Management Regimes, any comparison in volume growth 
described below would be inconclusive. 
Height prediction equations were derived for each tree species based on 
a subsample of tree measurements (mostly in 1990 and 1991) and then applied 
to the remaining trees (Table 21). R-squared values ranged from a high of 0 95 
for Douglas-fir to a low of 0.88 for lodgepole pine (Table 21). 
Table 21 - Prediction equation and associated statistics for tree height estimated from DBH 
by species. 
Species bO b1 b2 R2 Root MSE n Prob>F 
Douglas-fir* 2.033925 0.885855 -0.000776 0.95 0.16497 520 0.0000 
Ponderosa P.* 1.912530 0.881130 -0.000243 0.92 0.19659 1021 0.0000 
Sub-alpine + 3.302352 5.527562 0.98 3.58270 8 0.0001 
Grand fir + 4.370145 4.244634 0.94 3.77509 27 0.0001 
Lodgepole P. + 8.828310 5.864321 0.88 12.73818 5 0.0058 
Spruce + 1.882383 5.164818 0.99 3.33741 6 0.0001 
* Model: log(Height) = bO + b1 *(log(DBH)) + b2*(DBH#*2) 
+ Model: Height = bO + b1 *(DBH) 
Cumulative volume estimates were summed for all measurement periods 
and tabulated by Management Regimes (Table 22). Cumulative volumes were 
defined as the total volumes accrued in a Management Regime, and included 
volume estimates of live trees present during last measurement, and trees 
greater then 6.5 inches dbh that were cut or died. Management Regime A3 
had the highest cumulative volume with 4,764 cubic feet per acre, while 
Management Regime D had the lowest with 1,662 cubic feet per acre (Table 
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22). 
Volume growth was tabulated by annual net increase, annual net and 
gross growth, and percent annual net growth of the original volume (Table 23) 
by Management Regime. Annual net and gross growth estimates were similar 
because of low mortality, with the exception of Management Regimes B3 and 
A1 which had 255 and 130 cubic feet per acre mortality, respectively (Table 
22). Management Regime A3 had the highest annual net growth of 28.8 cubic 
feet per acre, while Management Regime B3 had the lowest with 5.3 cubic feet 
per acre (Table 23). Management Regime D had the highest annual percent net 
growth of the original volume at 5.37 percent, while Management Regime B3 
had the lowest with 0.27 percent (Table 23). There appears to be a slight 
inverse relationship between Management Regimes with highest cumulative 
volumes (Table 22) having the lowest annual percent net growth of the original 
volume (Table 23). 
Stand volume growth rates appeared to have little relationship to 
Management Regimes. These results are inconclusive because of the large 
range in variability in TPA and BA (Table 20) for plots in each of the 
Management Regimes, and because of the inability to create a true accretion 
table. 
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A3 Avg 3292 494 2547 87 2798 2460 38 804 2266 382 766 14 2067 4764 
Std 1234 305 1330 71 1425 1286 51 524 710 211 510 24 703 1470 
B3 Avg 2694 142 1133 60 2551 1073 255 822 2496 234 199 17 2457 3824 
Std 827 73 618 48 859 664 352 541 939 39 187 39 921 1203 
B4 Avg 1704 190 1229 26 1514 1204 0 952 1684 240 181 0 1644 2888 
Std 800 162 479 12 870 481 0 508 1012 165 251 0 1005 1121 
A1 Avg 1820 358 2540 82 1462 2457 130 853 839 128 963 20 738 3426 
Std 826 221 809 67 867 850 255 419 648 98 514 42 671 1099 
A2 Avg 2242 376 2577 59 1866 2518 46 778 1114 220 811 3 984 3578 
Std 778 261 796 44 868 811 70 435 474 183 378 5 483 942 
B1 Avg 1323 309 1473 75 1013 1399 17 908 1038 241 286 6 953 2454 
Std 879 186 649 64 863 670 29 616 862 124 146 14 901 1092 
B2 Avg 1973 517 1831 50 1456 1781 26 1494 1639 260 217 19 1416 3446 
Std 564 292 713 32 518 697 25 308 470 114 325 26 513 841 
C3 Avg 1857 459 1835 27 1398 1809 19 750 1238 203 703 12 1012 3066 
Std 603 266 390 28 658 398 23 379 611 96 332 16 674 730 
C1 Avg 2209 134 2079 42 2075 2037 67 501 1138 96 558 12 1024 3242 
Std 1555 143 762 31 1694 777 118 367 1020 77 299 20 1121 1288 
C2 Avg 2530 427 1880 44 2103 1836 57 1184 1903 105 388 17 1756 3796 
Std 1194 388 873 35 1490 887 100 539 1392 105 290 41 1432 1654 
D Avg 660 137 1609 38 523 1571 43 204 48 11 904 20 31 1662 
Std 207 145 514 44 206 521 57 205 54 20 412 27 44 527 
V4 M 
Cut Tr Mort Comm Cum 
Grw Grw Grw Vol Vol 
TotSt V1 = Total volume at measurement period 1. 
Tally V1 = Volume of trees < 6.5 dbh at measurement period 1. 
TotSt V4 = Total volume at measurement period 4. 
Tally V4 = Volume of trees < 6.5 dbh at measurement period 4. 
V1 as Total volume at measurement period 1 of all trees > 6.5 dbh; (TotStVI - TallyVI). 
V4 = Total volume at measurement period 4 of all trees > 6.5 dbh; (TotStV4 - TallyV4). 
M = Volume of mortality trees > 6.5 dbhf at measurement period 2, 3, and 4. 
= Volume of ingrowth trees > 6.5 dbh, at measurement period 2,  3, and 4. 
= Volume of cut trees > 6.5 dbh, at measurement period 2, 3, and 4. 
I 
C 
CutGrw = Cut ingrowth or tree found in measurement period 1 that were cut after measurement period 2, 3 
&. 4. 
TrGrw = Trees alive in measurement period 1 and 4 (Survivor Growth). 
MortGrw = Mortality ingrowth or tree found in measurement period 1 that died after measurement period 2,  3 
and 4. 
CommVol = Commercial volume removed after measurement period 2,  3, and 4. 
CumVol = Cumulative volume = V4 + M + C. 
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Mang 
Reg PNI PGG PNG PNG% ANI AGG ANG ANG% 
A3 Avg -338 1162 1124 42.9 -8.7 29.8 28.8 1.10 
Std 966 491 499 11.7 24.8 12.6 12.8 0.30 
B3 Avg -1478 451 196 9.9 -40.0 12.2 5.3 0.27 
Std 1469 202 412 19.8 39.7 5.4 11.1 0.53 
B4 Avg -311 421 421 32.0 -8.4 11.4 1 1 4  0.87 
Std 1237 173 173 15.4 33.4 4.7 4.7 0.42 
A1 Avg 995 1112 982 112.9 25.3 28.3 25.0 2.88 
Std 1126 610 637 99.7 28.7 15.6 16.3 2.56 
A2 Avg 652 1034 988 63.1 16.7 26.5 25.3 1.62 
Std 736 381 378 41.0 18.9 9.8 9.7 1.05 
B1 Avg 386 533 515 83.2 10.4 14.4 13.9 2.25 
Std 1159 247 247 74.2 31.3 6.7 6.7 2.01 
B2 Avg 325 496 471 39.2 8.8 13.4 12.7 1.06 
Std 817 306 298 30.4 22.1 8.3 8.1 0.82 
C3 Avg 411 918 899 79.4 11.1 24.8 24.3 2.15 
Std 686 414 416 52.6 18.5 11.2 11.2 1.42 
C1 Avg -38 667 599 71.2 -1.0 18.0 16.2 1.92 
Std 1355 334 303 81.7 36.6 9.0 8.2 2.21 
C2 Avg -267 509 452 57.3 -7.2 13.8 12.2 1.55 
Std 2159 391 444 67.9 58.4 10.6 12.0 1.84 
D Avg 1048 935 892 182.7 30.8 27.5 26.2 5.37 
Std 393 421 407 62.9 11.6 12.4 12.0 1.85 
PNI = V4 - VI; periodic net increase. 
PGG = V4 + M + C - 1 - VI; periodic gross growth. 
PNG = V4 + C - 1 - V1; periodic net growth. 
PNG% = (PNGA/1) # 100; periodic % net growth of V1. 
ANI = PNI/YRDIVIDE; annual net increase. 
AGG = PGG/YRDIVIDE; annual gross growth. 
ANG = PNG/YRDIVIDE; annual net growth. 
ANG% = (ANG/V1) • 100; annual % net growth of V1. 
I
I
,
   . 
 
Negative volume growth was due to harvesting. 
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Cutting Intensity Case Studies 
One plot from each of the three Management Regimes were selected as 
case studies representing different cutting intensities over the last forty years. 
Management Regime A1, B2, and C2 were selected to represent a low, 
moderate, and high cutting intensities, respectively (Table 2). These selected 
Management Regimes were compared for changes in species composition, 
stand structure, and stand growth, for the following years; 1952 or 1955 (pre-
first cutting, after the 1906 cutting), 1957 or 1960 (post first cutting), and 
1991 (post second cutting). 
Plot selection focused on achieving similar initial (pre-first cutting) BA and 
TPA, but unfortunately that was not possible. Total BA for the low, moderate, 
and high cutting intensities was 128, 66, and 117 sqft/acre, respectively (Table 
25). The moderate cutting unit had fewer large diameter trees (trees greater 
then 12 inches dbh), which accounted for the lower BA (Table 24). The 
moderate cutting unit was brought into prescription after the first cutting 
(1955). The initial total TPA for the low, moderate, and high cutting intensities 
was 250, 215, and 185, respectively. 
Species composition by TPA of the initial stand condition varied in the 
percent of ponderosa pine and Douglas-fir between cutting intensities. The 
composition of ponderosa pine and Douglas-fir was about 66 and 34 percent 
(or 165 and 85 TPA), respectively for the low cutting intensity. The 
composition of ponderosa pine and Douglas-fir in the moderate cutting unit was 
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Table 24 - Basal area and trees per acre for measurement year by cutting 
intensity. 
Basal Area (Square Feet Per Acre) 
Cutting Measurement Year 
Intensity Species 1952/55 1957/61 1991 
Low DF 5 7 39 
PP 122 86 74 
Total 128 93 112 
Moderate DF 2 9 34 
PP 63 27 24 
Total 66 36 58 
High DF 0 0 1 
PP 117 2 39 
Total 117 2 40 
Trees Per Acre 
Cutting Measurement Year 
Intensity Species 1952/55 1957/61 1991 
Low DF 85 70 60 
PP 165 135 60 
Total 250 205 120 
Moderate DF 45 40 50 
PP 170 75 115 
Total 215 115 165 
High DF 0 0 5 
PP 185 30 205 
Total 185 30 210 
about 79 and 21 (or 170 and 45 TPA), respectively. The high cutting unit only 
had ponderosa pine in the initial stand conditions. 
The initial diameter distribution for all cutting intensities had about three-
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Table 25 -- Trees per acre by cutting intensities, species and two inch diameter classes for 
three measurement periods. 
Cutting Intensity 
DBH Low Moderate High 
Sp Class* 1952 1957 1991 1955 1961 1991 1955 1961 1991 
DF 2 30 25 15 
4 40 5 10 15 5 
6 5 30 30 10 
8 5 10 25 5 
10 5 10 5 5 
12 25 
14 25 
16 5 
18 5 5 
Total 85 70 60 45 40 50 5 
PP 2 65 35 20 65 15 55 55 5 90 
4 15 30 65 30 15 60 15 45 
6 10 20 5 5 15 10 20 10 25 
8 5 15 15 
10 10 10 5 
12 10 10 5 5 5 10 
14 10 5 5 5 10 15 
16 15 5 5 15 20 
18 10 5 5 5 
20 5 5 
22 5 5 5 5 5 
24 10 10 5 10 
26 5 10 5 
28 5 
30 5 
Total 165 135 60 170 75 115 185 30 205 
Total 250 205 120 215 115 165 185 30 210 
# DBH Classes: 2 = 0.5" to 2.4", 4 = 2.5" to 4.4", etc... 
quarters of the trees in the lower diameter classes (diameter classes less than 
6 inches), with the rest of the trees scattered through out the larger diameter 
classes. The low cutting intensity had 66 percent (or 165 TPA) of its trees in 
diameter classes less than 6 inches, with 55 percent (or 90 TPA) of those trees 
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being ponderosa pine (Table 25 and Figure 7). The percent of trees in diameter 
classes less than 6 inches for the moderate cutting intensity was about 84 (or 
180 TPA) percent, with ponderosa pine representing about 75 percent (or TPA 
135) of these trees (Table 25 and Figure 8). About 73 percent (or 135 TPA) 
of the trees in the high cutting intensity was in diameter classes less than 6 
inches (Table 25 and Figure 9). 
A commercial harvest followed by a stand improvement cut took place 
in 1952 for the low cutting unit, and 1955 for the moderate and high cutting 
intensity (Table 1). The percent of BA removed from the initial stand, for the 
low, moderate, and high cutting intensities, was about 27, 46, and 98 percent 
respectively, with actual BA reductions of 35, 30, and 115 sqft/acre 
respectively (Table 24). The moderate cutting intensity was brought into 
prescription by having the least amount of BA removed, which placed it in 
between the other two cutting intensities in BA, TPA, and stand structure. TPA 
dropped for the low, moderate, and high cutting intensities by 18, 47, and 84 
percent respectively, which resulted in a reduction of 45, 100, and 155 TPA, 
respectively (Table 24). 
Stand structure changed with a reduction of mostly larger diameter trees 
after the first cutting (1952 or 1955) of the case studies. Fifty-six percent (or 
25 TPA) of the trees removed in the low cutting intensity were ponderosa pine 
in diameter classes greater than 10 inches (Table 25 and Figure 7). In the 
moderate cutting unit only 25 percent (or 25 TPA) of the trees removed were 
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Figure 7 -- Stand density distributions for the low cutting intensity by species 
and two inch diameter classes for years 1952, 1957 and 1991. 
2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 
Diameter Classes (Inches) 
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Figure 8 -- Stand density distributions for the moderate cutting intensity by 
species and two inch diameter classes for years 1955, 1961 and 1991. 
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Figure 9 -- Stand density distributions for the high cutting intensity by species 
and two inch diameter classes for years 1955, 1961 and 1991. 
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in diameter classes greater than 10 inches, while 75 percent (or 75 TPA) were 
in diameter classes less than 10 inches (Table 25 and Figure 7). Ponderosa 
pine accounted for 95 percent of the trees removed in the moderate cutting 
intensity. All trees in the diameter class greater than 6 inches were removed 
from the high cutting intensity (Table 25 and Figure 8). About 68 percent (or 
105 TPA) of the trees removed in the high cutting intensity were in diameter 
classes less than 8 inches. 
An additional commercial thinning in the low cutting intensity took place 
in 1962, and was followed 4 years later by a stand improvement cut. 
Remeasurement of the low cutting intensity in 1991 showed a 20 percent 
increase in BA (or 19sqft/acre) from the 1957 measurement (Table 24). During 
this time period TPA dropped by 42 percent (or 85 TPA), with the greatest 
changes occurring in diameter classes less than 8 inches. The percent of the 
total TPA associated with diameter classes less than 8 inches, decreased from 
71 to 29 percent for measurement years 1957 and 1991 respectively (Table 25 
and Figure 7). Stand composition in diameter classes greater than 8 inches 
switched from predominantly ponderosa pine representing 83 percent of the 
stand in 1957, to Douglas-fir representing 54 percent of the stand in 1991 
(Table 25). The total TPA for these diameter classes increased only by 15 trees 
during this time period. 
Between 1961 to 1991, the moderate cutting intensity was treated in 
1967 with a second commercial thinning and stand improvement cut, and 
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maybe in 1980 with a light stand improvement cut (Table 1). BA for the 
moderate cutting intensity increased by 61 percent (or 22 sqft/acre) during this 
time period, with Douglas-fir accounting for 59 percent of the total BA in 1991 
compared to 25 percent in 1961 (Table 24). TPA increased by 44 percent (or 
50 TPA) between 1961 and 1991 (Table 24), with the greatest increase 
occurring in diameter classes greater than 8 inches (Table 25). It appears that 
the remaining 1910 residual trees were removed in 1967, switching the largest 
diameter trees from ponderosa pine to Douglas-fir (Figure 8). Ponderosa pine 
was more successful at regeneration during this time, with ponderosa pine 
comprising 84 percent of the trees less than 8 inches in diameter class for 1991 
(Table 25). 
The high cutting intensity had only stand improvement cuts between 
1961 and 1991, which took place in 1967 and maybe 1980 (Table 1). From 
1961 to 1991 total BA increased 38 sqft/acre and total TPA increased 7 fold 
from 30 to 210 (Table 24). TPA increased across almost all diameter classes 
between 2 and 18 inches, with 76 percent of the trees measured during 1991 
in diameter classes less than 8 inches (Table 25). Stand structure changed 
from the 1961 stand characteristics resembling an even-aged stand (centering 
around a diameter class of 4 inches), to the 1991 stand structure resembling 
an uneven-aged stand (Figure 9). A TPA of five was recorded for Douglas-fir 
in 1991 at the 8-inch diameter class; prior to this time Douglas-fir had not been 
measured. 
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A comparison of stand volume growth for all cutting intensities was 
compared to even-aged stand table volumes produces by Meyer (1938). All 
accretion was from trees with a dbh of 6.6 inches or greater. Cutting 
intensities was directly reflected in cut volume (Table 26). 
Table 26 - Volume by cutting intensity from this study and Meyer (1938) even-aged stand table. 
Cutting TotSt Tally TotSt Tally Cut Tr Mort Comm Cum 
Intensity V1 V1 V4 V4 V1 V4 M I C Grw Grw Grw Vol Vol 
Lc>w 3443 74 2904 19 3368 2885 186 484 1690 66 843 0 1646 4761 
Moderate 1840 150 1258 43 1690 1215 0 1215 1848 158 0 0 1121 3063 
High 3594 83 769 99 3511 669 245 669 3266 0 0 0 3186 4180 
None* 2220 4480 4480 
TotSt V1 = Total volume at measurement period 1. 
Tally V1 = Volume of trees < 6.5 dbh at measurement period 1. 
TotSt V4 = Total volume at measurement period 4. 
Tally V4 = Volume of trees < 6.5 dbh at measurement period 4. 
V1 = Total volume at measurement period 1 of all trees > 6.5 dbh; (TotStVI - TallyVD. 
V4 = Total volume at measurement period 4 of all trees >6.5 dbh; (TotStV4 - TallyV4). 
M = Volume of mortality trees > 6.5 dbh, at measurement period 2,  3, and 4. 
I = Volume of ingrowth trees > 6.5 dbh, at measurement period 2, 3, and 4. 
C = Volume of cut trees > 6.5 dbh, at measurement period 2, 3, and 4. 
CutGrw = Cut ingrowth or tree found in measurement period 1 that were cut after measurement period 2, 3 
& 4. 
TrGrw = Trees alive in measurement period 1 and 4 (Survivor Growth). 
MortGrw = Mortality ingrowth or tree found in measurement period 1 that died after measurement period 2, 3 
and 4. 
CommVol = Commercial volume removed after measurement period 2, 3, and 4. 
CumVol = Cumulative volume = V4 + M + C. 
* Based on Meyer's 1938 even-aged stand table number 10; with site index of 70 and stand ages of 60 and 100. 
The total cumulative volume for low, moderate, and high cutting 
intensities was estimated at 4,761, 3,063, and 4,180 cubic feet per acre (Table 
26). The moderate cutting intensity had about half of the initial volume (1,690 
cubic feet per acre) compared to the low and high cutting intensities (3,368 and 
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3,511 cubic feet per acre, respectively). If the moderate cutting intensity had 
about the same initial volume as the other two cutting intensities, it would have 
probably had a higher cumulative volume. The low initial stand volume for the 
moderate cutting intensity might also explain its mortality volume of zero, 
compared to the low and high cutting intensities mortality volumes of 186 and 
245 cubic feet per acre respectively (Table 26). 
The moderate cutting intensity had the highest volume of ingrowth at 
1,215 cubic foot per acre, followed by the high and low cutting intensities with 
669 and 484 cubic feet per acre, respectively. This was probably attributed to 
higher volume of small diameters trees (less than 6.6 inches dbh) present at the 
initial measurement. These volumes for the moderate, high, and low cutting 
intensities were 150, 83, and 74 cubic feet per acre, respectively (Table 26). 
Ingrowth volumes were the same for the moderate and high cutting intensities 
as the final standing volumes (V4). This was because all trees greater than 6.5 
inches measured at the initial measurement were removed or died. 
Comparisons between all cutting intensities and cumulative volume 
estimates extrapolated from Meyer's (1938) even-aged stand tables are 
discussed below. Assuming no mortality and cutting, cumulative volume 
growth for an even-aged stand would be 4,480 cubic feet per acre (derived 
from assigned values), which is comparable to the low and high cutting 
intensities' cumulative volumes of 4,761 and 4,180 cubic foot per acre, 
respectively (Table 26). It would appear that cumulative volume growth are 
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potentially comparable between even-aged systems (represented by Meyer's 
1938 stand table) and alternative cutting regimes (represented by these case 
studies). These results are inconclusive because of the limited amount of data 
available for comparisons. 
Table 27 — Volume growth rates by cutting intensity from this study and Meyer's (1938) 
even-aged stand table. 
Cutting 
Intensity PNI PGG PNG PNG% ANI AGG ANG ANG% 
Low -483 908 723 21.5 -12.4 23.3 18.5 0.55 
Moderate -476 158 158 9.4 -12.9 4.3 4.3 0.25 
High -2841 0 -245 -7.0 -76.8 0.0 -6.6 -0.19 
None* 2260 2260 2260 101.8 56.5 56.5 56.5 2.55 
>
 I 
>
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Q. 
periodic net increase. 
PGG =V4 + M + C- I-V1; periodic gross growth. 
PNG = V4 + C-I-V1; periodic net growth. 
PNG% = (PNG/V1) * 100; periodic % net growth of V1. 
ANI = PNI/YRDIVIDE; annual net increase. 
AGG = PGG/YRDIVIDE; annual gross growth. 
ANG = PNG/YRDIVIDE; annual net growth. 
ANG% = (ANG/V1) * 100; annual % net growth of V1. 
Negative volume growth was due to harvesting. 
* Based on Meyer's 1938 even-aged stand table number 10; with site index of 70 and 
stand ages of 60 and 100. 
Periodic gross volume growth for the low, moderate, and high cutting 
intensities was 908, 158, and 0 cubic feet per acre, respectively (Table 27). 
Since all trees greater than 6.6 inches were cut or died in the high cutting 
intensity periodic and annual gross volume growth were zero. The moderate 
cutting periodic gross volume growth was equal to the total volume growth of 
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trees before they were cut (Table 26: Cut Grw). This was because all trees in 
the initial measurement greater than 6.5 inches dbh, were cut before the final 
measurements. Annual gross volume growth for the low, moderate, and high 
cutting intensities was 23.3, 4.3, and 0 cubic foot an acre per year, 
respectively (Table 27). When examining the volume growth of trees present 
at the initial (1952 or 1955) and final measurements (1991), it would appear 
that the low cutting intensity's periodic and annual net volume growth were 
higher than that of the moderate and high cutting intensities. Volume growth 
for these live survivor trees was 843 cubic feet per acre for the low cutting 
intensity, compared to zero for the moderate and high cutting intensities (Table 
26). 
Even-aged stands periodic gross volume growth based on Meyer's even-
aged stand tables (described above) resulted in 2,260 cubic feet per acre, 
which more than doubled the low cutting intensity's periodic gross volume 
(Table 27). Annual gross volume for the even-aged stand would then be 56.5 
cubic feet an acre per year. The amount of cut tree volume appeared to be 
responsible for making the biggest difference between even-aged systems 
(based on Meyer's 1938 stand tables) and alternative cutting regimes (based 
on cutting intensities) for periodic and annual gross volume growth. 
CONCLUSION 
The Lick Creek area provided an opportunity to investigate the response 
of ponderosa pine stands to alternative cutting treatments. Even though the 
cutting history of Lick Creek was not designed as a test of alternative 
silvicultural systems, rough similarities provide insight into changes in stand 
structure and tree growth, and regeneration. Unfortunately, due to a lack of 
controlled data, no conclusions can be drawn. 
The original stand structure of the Lick Creek area was composed of 
mostly large diameter ponderosa pine, spaced in fairly open park-like structures 
with scatter amounts of Douglas-fir and ponderosa pine regeneration. Because 
of the methodology used in re-creating the 1906 stand structure the number of 
Douglas-fir and ponderosa pine saplings (less than 6 inches dbh) were higher 
than recorded by Arno (1988) and Habeck (1990) in similar habitat types. 
Also, based on photos of the Lick Creek area taken after the 1906 timber sale 
(Gruell et al. 1982) and White's 1924 survey, it seems that most of the sapling 
probably came in after the 1906 timber sale. 
Regeneration in the Lick Creek area following the 1906 timber sale and 
continuing through the early 1950's cutting has been fairly aggressive. White's 
1924 summary documented strong regeneration in both ponderosa pine and 
74 
75 
Douglas-fir after the 1906 timber sale. This is further illustrated by the 
historical photos taken of the area following the 1906 timber sale and 
continuing to the present (Gruell et al. 1982). Regeneration after the early 
1950's cutting was also prevalent throughout the site. 
Despite the strong effort to limit the number of Douglas-fir in the Lick 
Creek area, by 1991 the percent of basal area per acre of Douglas-fir, when 
compared to total basal area, had increased by about 20 percent. The number 
of trees per acre also increased by about 3.5 times during this period, with 
most of this increase in diameters less than 6 inches. Historically, fire would 
have played a major role in reducing the number of Douglas-fir and small 
diameter trees on these sites (Habeck 1990, Arno 1988, Gruell et al. 1982, and 
Weaver 1967). 
Growth rates over the last forty years in the Lick Creek area have been 
difficult to compare to other studies. Most other research has focused on level-
of-growing-stock studies in even-aged stands, which had similar spacing and 
diameters throughout the intensity and summarize growth as changes in basal 
area and volume. The Lick Creek Management Regimes varied greatly in 
diameter distribution and basal area between plots, and remeasurement periods 
did not always follow treatments. Growth rates were therefore evaluated for 
periodic annual diameter increments of survivor trees and ranged from 0.11 to 
0.19 inches per year, with an average of about 0.14 inches per year at around 
11 inches dbh. These growth rates are similar to those reported by Schmid and 
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others (1991) for the Blackhills at growing stock levels of 60 square feet of 
basal area per acre for mean diameters around 12 inches. 
The combination of growth and yield analysis of all treated Management 
Regimes (accept from Management Regime D) and the case studies would 
suggest that these alternative cutting regimes potentially could produce similar 
cumulative volumes to that of even-aged stands (based on Meyer 1938 even-
aged stand tables). Cumulative volumes for both even-aged stand tables and 
case studies of cutting intensities were fairly comparable. The cumulative 
volume averages for all treated Management Regimes was about 1,000 cubic 
feet per acre less than that from even-aged stand tables, with difference being 
mostly due to initial volumes. Stand volume growth rates for all treated 
Management Regimes were about half that from even-aged stand tables. 
Differences in comparisons of cumulative and stand growth volumes, between 
Management Regimes and even-aged stand table, could be attributed to how 
ingrowth volumes were incorporated. Management Regime D (which is similar 
in structure to an even-aged stand) had stand volume growth rates about 10 
cubic feet per acre greater than the average for treated Management Regimes, 
but placed third overall for all Management Regimes. 
Actual comparisons of growth and yield, for all Management Regimes and 
case studies of cutting intensities, to select the best overall alternative cutting 
regimes was not completed. Because of the large amount of variation 
associated with plot data for each Management Regime, and the lack of 
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adequate sample size and similar initial volumes for the case studies, any 
selection of best overall alternative cutting regime would be questionable. 
In this study we have seen and discussed a few rough parallels between 
the Lick Creek cutting regimes and the desired outcomes associated with 
alternative silvicultural systems. Diameter distributions of the predicted 1906 
stand structure and the measured 1991 case studies both clearly had multi-
aged characteristics. Natural regeneration did not seem to be a problem with 
these regimes, as long as the stand was sufficiently opened to provide enough 
light for ponderosa pine. By incorporating low intensity frequent ground fires 
into these alternative cutting regimes, stand structure could closely mimic the 
original stand. Growth and yield produced by these regimes appears to be 
adequate, especially when compared to even-aged stand tables. Taken 
together, results of this study suggest that alternative silvicultural systems 
could be used effectively on ponderosa pine sites, and meet the objectives 
associated with New Forestry. 
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